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;:OREWORD -

.

N . , .
* Agriculture 1s by far the largest industry in the Southern region. Productlon of agrlcultural
products from the vast land resources and uniquely favorabl&cllmate of the reglon 1s essential in
meeting the food and fiber needs of the states and the nation with some left oyer for export to
heip feed and clothe the under pnvnledged of thg,world The region’s Jeographic locauon close on *

the north and west to the ma;or populaton centers of the @ation and with the east'and south

hawnjxcellent deep water ports, facilitates rapid movement of its agricdlture and fofest products . -.

to the consumer at home or abroad -2

Iﬁeavallablllty of energy 1p the form of cheap fossil fugl enabled‘the region’s farmers to
mechanize their operations and inctease their outputsabove that of most farmers of other nations. -
Such a sustained rate of production can be maintained odly through comlnu?ng,avallablllty‘ofia‘nc
effective energy supply. Though @Iture uses only a small percentage of the nation's total

ergy consumption it stll amounts’to millions of barrel,s of crude oil, therefore, itisa challenge”
to agriculturists to conserve energy wherever efficiencies can be made In producmg processmg and
marketing food and fiber . LEEEN

' L Realizing tgat the energy situation has already affected e.very person in the nation and Eecog-
njzing the need for assessing the energy sitdation in agriculture the Council for Higber Education
In the Agricuftural Science¥ recommended that a regional conference bé conducted to acquairtt
agricuftunists with the situation and begin formuiation of plans to increase energy efficiency in
agriculture A regional planning committee of 10 members representing extension, research and ’
teaching assisted the project director 1N planning the conference The conference involving 122
participants from college of agriculture administrations, faculty:members from extension, research .
and teaching, USDA, state agency and industry representatives was held in Atlanta, Georgia,
October 1-3, 4975 This conference partna"y supported by the W K. Kellogg Foundatlon provided
an exceltent overview of energy usage In agriculture, with many,'chatlenglny ideas for conserving
obtir dwindling resources In addition these'proceedings wifl serve as an excellent source of refer-
ence material on energy usage in agrigulture for personnet Ynvolved with energy efficiency whether
1t be 1n extension, research or teaching activities. The Council of Higher Education in the Agricul-
tural’ Sciences commends these Proceedings for use by agriculturists and others concerried with
IMmproving the efficiency of energy usage In agnculturat production in the South., ' ,
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T J. Horne, Project Dyfectdr
Agricultural Scienges
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. " THE UNITED STATES ENERGY SlTUAT!ON - .
o ns IMPLICATIONS FOR PERSONAL AND INSTITUTIONAL PLANNING ‘ -
= * S, A Trumbower, Consultant :
. .. R Advanced Systems Technology Division ! ; C
T . Power Spstems Cgmpany " \ .
» Westinghouse Electric Corporation
[East Pittsburgh, Pa. 15112 ~ .
. L ’ s .o
i v . . N / .
by L o :
- . Lt <. . -
© ’ For several reasons, Pwas glad to accept yqur invitation to be the opening speaker at :
s, this conference on energy in agriculture. In the first pldce, your conference 1s timely be- N
cayse the energy crists has already affected every lndlvudual and mstututxon In the nation, .
L and will have far more profofind effects in the futire. ‘
. - But your conference 1s timely from gnother point of view. On June 30, a Westmghouse N
\ . task force, which | d|rected completed a very comprehensuve fong:term energy analysis
ander contract,to the F?deval Energy Administration. 1 think you will find the results of . ;
- ( this stidy ~ which 1 will overview for you this mornmg - quite helpful in putting the * ?
~ ' erérgy situation into perspective. » . - eb = <
- ' T . - ’ ) > -
~ h . w . ® .
] - .
- ~ had
. - -
N . , \ .
. - -, ' ) ‘ . | . N
' . j the last year free of energy supply constraints You will re- N
Federal Energy Administration Study Framework call that the oil poycott startedin October of 1973.
Fime Period: 1972tp 2000 g ~ The time horizon extends to the year 2000, a period.
Populatlon Senes‘F 19%2 208 X106 “long enough to |dent|fy short-term, mid-term and lorig-term .
" 2000° 251 X 106 energy problems and policy implications, -
. The current population trend — technically called Series F ?\
Energy Import Objectives ~ Percent of Domestic Use . " — will cause our population to rise ffom 208 million tn
<o 40% : *| . 197210 251 miltion by 2000. ‘N f
. Gas - 0% . i National energy pohcy was assumed directed toward re- K
. Coal - - 0% . ducing oil imports to 10% of domestic consumptlon - a i
. . Uranium 0% : g level that could, with some disruption accommodate a -
- GNP'Growth Rate:  \  3.2%in Constant § future oil boycott. Self-sufficiency was taken as the national i,
GNP'pér Capita Gerﬁ R\a“ﬁ;: 2.5% in Constant $, pohcy objective for natural gas, coal and uranium.
¥ £, b The constant dollar GNP annual growth rate used'was a *
. ) ' moderate 3.2%. This translates to 2.6% annuat'\gtowth of \
1’Il begin my presentatlon by outlmmg the study frame- per capita GNP, enough for our citizens as a whole to make '
"'ﬁork The penod of concern 15 from 1972 through 2000, a httle economic progress and enough for our society to
1972 i€ s'gn‘fxcant as a starting point because it represents continue to make progress against poverty.
. ~ ’ . v . - . > . . . * -t s
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Structure of Energy Use < . IS .
1972 Data - 1015 BTU C e .
-, , M : M N
b &' . B Gasl_ Orl' Coal - Nuclear Renewal?{e Total Efecfrc?:y
. - A . End Uses ’ ot v ' i , L, -
' Residenual ‘ 6.5 33 023 "o02 | 102 2.1 -
. Commercial , 11 3.4 0.2 ! . ~47 ‘10 ‘
L Manufacturing . “13 35 40 ©09 1 157 24 T
: ¢ Tramsportation . 08 12.3 . 181, 02 :
A * | Energy Processing - ' < ’ :
. Fuel Procedsing 33 24 4 0 4 69 01 |~ 6 '
: Electricity .- . * i
' Processing 41 31 ] 78 06 10 |+ 166 06 _ -
x R ’ (T&D Loss| ~
- - /js(al 231 33.0 - 12.4 0.6 21 71? 6.0 - -
T . - . ¥ (Qu(pu() . ’ K
Aenewable Includes Hydro(@ 3.413'38]'U/KWH), Solar, Geothermal, Wind, Tudal‘.Woo\d. etc. s .
“ . : - ‘ ,' a ) \"
X 2 -, . kS ~N s
N .

Now consider the structure of energy use Note that the
really useful applications of energy, called £nd Uses in this
chart, are to supply the Residential, Commercat, Manu-
facturing and Transportation Sectors of the economy.

expended to prepare energy for.dehvery-(\o the end use
sectors The energy processing category therefore includes
energy required to extract and refine gas, oil, coal and ura-
num, syndhetic fuel conversion 'Iosses, and losses incurred

hend; nerating electricity , N I /
' v "
. - Ay . ( = N ¢
. . - X
. .-, . . - .
L E " - . o t
e Residenfial Sector ~ 4 ) . )
) 1972 Data ~ 1015 BTU . i » ‘ ’ L.
o ] - Gas Oil Coal Nuclear Rgr}ewable Total E(IZ::TZ:Y - -
- »| Central.Air Conditioning ., - A - : .159 .
Room Air Conditioning - Te B E ' ¢ N 138 ot
+" | Lighting - ' . . . N o 218 .
) . * |, Refrigerators N N . ~ A I
. Freezers”™ - . . SRS 118
- Telewision 1\ ° .. ' o . 163 . Lo
o Dish Washers ] . ’ . 027 - ¢
. v+ | Clothes Washers T o i€ R N = B P
. Clothes Dryers - ' 076 * o e T} o6 | ~.082 P
‘ - ] Cooking. T 346 061 ' 407 112 ) s
X ) Other Appliances . € . N -, ’. ,146 . <
) Water Heating | 184 .300 N Tl vass . 278
Spac% Heating: Elec. Resistance ) ‘ E *- - v o 257"
Heat Pumps ) - e .013 - 013+ .022
Non-Electric 4.630 2.’740 0.240 | - ‘150 |. 7.760°
"ol Misceltangous » ] -0 s ~ | F | 465 052 |-
N Y < . .
Total 6526 7| 3.266 | 0.240 | 0163 | 10176 | 2.163-
< ~ = , - I < .
. S e
L . ‘ v . 2 - ., - v
'S O . . ) - . v .
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By recognizing the structure of energy use, itis possible For each use category, energy fequirements were deter- !
to avoid the pitfalls inherent in making future energy, use mined at 5-year intervals through the year 2000. The use
estimates by simply projecting historical growth rate-gata categories, analyzed are ewident from these tabulations

We avoided this pitfall by analyzing each signifjcant use which’'show 1972 data for the residential sector, the com-
ofgenergy, exactly which forms of enetgy supply each use, mercial sector, the y\anufactunng sector, the transportation
and took into 'acc‘ount factors such as saturation effects afﬁi sector, and the enesgy processing sector~ ‘
efficiency trends. . - R . i

I > ’ -
. v ?
- , - LI -
. | : . / :
“Commercial Sector B » £\ — o
1972 Data - 1015 BTU . T
T , e ! N’ . {Memo) _ .
, Gas ’ Gil Coat \\Nuclear Renewable{ Total Electricity s
¢ 'Space Heating. . + 814 ] 1025 014 | ¥ - 1.853 .038
Water, Heating 048 -.070 .002 . | 120 .004
¢ Air Conditioning . ’ ! C A .225
Commercial Lighting , : . . 518 i
Street Lighting . v ’.042 1
Irrigation .036 .048 . .084 .‘036
Crop Drying « 015 .084 - f .099
Agriculture Vehicles - N .580 .580
Road-Farand-Asphatt———|—— — ——{~1:137 - Ty 1137 B
+1 Miscellaneous ) .213 468 A31 7 812 AN
Total 1.13 341 | 015 " " 469 994
b .
N\ Y
« > -
v
4 -
_ : Manufacturing‘Sector . .
\( |- 1972 Data - 1015 BTU = -/ R
. L . Gas - O L5 Nuclear |Renewable] Total El(e'fterr::?t)y
" <] chemicals 1.833 204 550 ] 2587 308
Paper .557 <371 233 . .854 2015 | * 118
Durable Goods , .689 - .148 169 - ¥ ,1.006 .360
*Food ’ 590 "| 163 140 v 893 a3, , |
*Steel ’ 637 197 1 2203 . " 3.037 134"
' Aluminum ~ .345° 012 .083 ‘ 441 (192
Cement g . .227 .070 .167 463 | . .031° [
Glass i 237 .008 003 248 | - 02
A Feedstock and Raw Material 1.470 1.025 .105 © 3501 |
Miscellanedbs ‘ 742 .387 360 - 012 1510 825
a Total 7.33 3.48 4.02 4087 | 1570 | 2n
o L ——
- -
¢ b - 3
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» Transportatiin Sector —1972 Data — 1015 8TU ’
J - -
", - . {Memo)
NS Gas oud Coal | Nuclear | Renewable| Total Electricity )
Auto® Urban . . .5.262 v 5.252
¢ Rural 3.680 : . ' 3680
Bus: Urban o8 | T [T " 088 .
. Intercity 028 .028
- Shool . ' .039 039 -  f .
Truck., 2 Axle, 4 Tire | 1,209 ' 1299
Other Singte Unit ~ 1.002 . 1.002
X Combinations ‘1227 . 1,227
Rail: Freight - 527 527 .009
' Passenger Intercity <, 033 |, .033 .001
Passenger Urban . y ’ 007 !
Ar Passenger Domestic .968 968 ’
. Passenger International .256 : .256 -
/ Cargo Domestic . .168 i .168
. Cargo International .089 R ; .098
General N .100 .100 .
Mihtary 609 ' .608
Water.  Domestic 429 . 49 | T
. Overseas . .820 .820°
Pipetine:  Gas * 791 o ‘. 7N
‘ ol , 132, o3
Miscellaneous ) R ' 539 K 539 ;
Toal . 791 | 1i.268 - | 18085 -| .017
{
— A U _
Energy Processing Sector — 1972 Data — 1015 BTU . e
| | Gas Of | Coal ' Nuclear{Remeiablel Towl |grorol
= 7 .
Fuel Processing J— e h -
Synthetic Fuels . v ]
Coal Gasification * ° L ‘1
Coal Liquification . .
. Ex\tractlén and Refining ; - . '
Gas ¢ - 1.453 .080 , 1.5633 —
‘pul v 1.463 2.078 .004 4 8 R 3545 093
Coal . ".003 022 025 o |- 080 024 - -
Uranwm e . N .024' .
Handling Losses" N v ~
Gas , | 7 | . N R K
Qi . 234 - ° 234
Coal . ~ 225 (- 228
Subtotal 3.27 24¢ | 25 5.93 141
Electricity Processing . ’ ) . ~ - :
Flectriety Sold . ¢ ' 5.416 *
T & D Losses e S i . 572 i .
Electrical Output . . : i 5988 - | -
Fuel Input ‘I 400 313 7.83 58, 96 | 16.60 .
T Toul 7.97 t54 | 808 58 96 | 2253
x ~p - 4 e s - [
P - . [ . .
. 9 | <. .(‘
- - 1 .
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Now let’s move to the bottom line ¢ e s, .
. ' ¢
— - -
. . N U S. ENERGY’USE BASED ON 1972 TRENDS - ‘ . V
s : . 0881y o - .
— e Lo 4 0 .
- o .
150 |- . w .
e—m ‘\ 'd." \ ’ . D Domestic Supply i \ P oo "f R
N ' 7 Imports {+ Sho:ﬂa\"Wuh Maximum
125} » 1 . . . 24 Ssmestic Production -
¢ 120
. \ 2 N
100 $- . . «
L] ‘ ’
o -
. . )
B 2 709[" * *
50 }— % 512 8O .
1367 / [
/ - us
s %; % ;n & 168 .,
P .
107 // . % // . o8
’Z 4‘/ / % / ‘ ¢ l l 20 33 °°
o] % . . ¢
0 % 4 b # * b |, — 1
‘ 1972 1985 2000 1972 « 1985 zo’oo; 1972 1985 2000 1972 e85 2000 197201985 - 2000 1972 1985 2000
hyl ¢ ) . A4 . » r .
N TOTAL GAS .o . ? COAL NUCLEAR RENEWABLE
ENERGY . R - . )

S
v /

Adding all sectors together reveals the energy phght that
the trend existing in 1972 Yas g gemng usnto. -

Our total energy would nise from'71 to 171 quaqs a
grovfth rate 0f,3.2% annually Relating the information given
in Btu’s to percentages, we find that,of our total needs, im-
ports would (?fro\mi 5%.4n 19727%0 33% in 1985, and
reach 41% by 2000 evén with a successful program of maxi-

mizing QJ\S onl and gas production along with a moderate ,

A glance at the gas Situation reveals L,Our most severe
short term problem Gas imports would have to rise from
4% of 1972 consumption, 10°34% My 1985 and hit 75% by

/2000 Gas in these quantities 1s simply not avallablefor me

port. Even the 1 quad we are now importing is in 1eopardv
as our major supp!rer Canada, has served noticest wishes to
¢iscontinue supplying us '

Turmng to oil, imports would rise rom 29% of consump
uon in 1872, to 52% in 1985 and reach 68% by 2000, This
15 obvuousty intolerable; 1t threatens our national security,

‘places an ntolerable burden on our balance ofpayments,

" and adds to o alteady serious mfia}on problem.
Is conserv(on the answer? Let’s see! Suppope we adopt

a very aggressive national energy conservafion program.
D . o

- program of producing syntietic oil and gas fron” coal, * *

Y Improve Home Insulation .

I Improve Efficiency of Utilization Devices

Resudent»at Sector cOnscrvation Actions
(ngher Energy Pruces ~ All Sectors — Price Elastlcny)

g 'y .

* Gas and Oil Furnaces
° ¢ Heat Pumps

* Water Heaters

¢ Appliances ‘

~S~Lighting {(More Fluorescent)’ .

* Air Conditioners. - -

. E!ectriqglgpltors far Gas Pilots- .
“Use Less” Ethic -
* Turn Off Lights .

* Lower Thermostat in Winter *
*Highér Thermostat in Summer *

q‘ifﬁ‘

r - T
i ' )

<«

In the Residential Sector we can improve home nsula-
tion, improve efficiency of utilization devices, and infuse
a “use less ethic’” into our society. s,
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Commercial Sector Conservation Actions

Improve Building Insulation ‘

Imprové Efficiency of Uuhzat‘lon Devices
- ¢ Gas and Oil Furnaces ,

. 'Heat Pumps " : \
Water Heaters
* Appliances . .

-

«+ Air Conditioners

+ Crop Dryers ) ¢

¢ Reduce Tillage in Agricultyre

+ Dieselize More'Off Highway Agniduitural’

’ Vehicles ) .

“Use Less"” Ethic
« Turn Off Lights  ~
¢ Delamp
. * Lower Thermostat in"Winter
¢ Higher Thermostat in Summer

. v
”
In the Commercial Sector we can improve bullding insu-
latiort~improve efficiency of utilization devices, and infuse
the "use less ethic ** -

. nghtlng {More Fluorescent), 4.

“  Transportation Sector Conservatian Actions .
Shift Traffic to Mdre Efficient Modes -
Passerigers — By 2000
* 12% Urban Auto PM to Bus ‘ N Y

B 12% Urban Auto PM to Rapid Transt .
15% Domestic Air M to Rail
Freight — By 200Q . . A
* 25% Domestic TM to Rail S ’
" 50% of Combi TM to Rail

Rgduce Energy Intensiveness of Transportation

Equipment By 2000 ST |
, AUXQ‘ 25 mpg .
. Bus = 12% Less . 4 -
Air . 25% Less ¢ :
Water 10% Less = C
Truck 10 25% Less: * .

Improve Load Factors
3 “ L

O
.. -

. .

In'the Transportation Sector we ean shift some 5assengér1
and freight tratfic to more etfictent modes Basically this
means shifting passengers from auto and air to buses, rapid
transit and rail It means shyfuing freight from truck and air

LY -

to rail '

Manufacturing and Fuel Processing .
Sectors Conservation Actions

* Reduce Heat Losses

« Reduce Energy Needs of the Basic Process
« Apply Heat Recovery Techniques s

* Shift to Less Energy Intensive Materials

* Recycle Mote ~ -~

¢ Co Generate Electricity and Process Steam
* Infuse the Conservation Etﬁ_oc . -

Similar conservatlbr; principles can be applied to the
Manufacturing and Fuel Rrocessing.Sectors, and a few new
one; as well Here we can reduce heat losses, reduce enefdy
needso\f the basic processes, apply heat.recz)very techniques,
shift to less energy intensive matenats, ,recyclé more, co-
geperate electncny. and process steam in very large n
dustries, and infuse the conservation ethic.,

» ’ 23
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We can-also reduce energy.intensiveness of transporta;
tion equipment, and improve load factors

- !’
Electric Ut'xlity , ‘
01l 8y 2000 Used for Peaking Only (1 5 quad)
None for Base Load e ].0®

Gas. By 2000 Alt Gas 1s from Coal Gasmcauo'n
(3 0 quad) and Burned In Combined
Cycle Plants\ <

-

Turning to the Electric Utihty Sector, by 2000 only a
small amount of ol will pe burned and that for pealung
duty only All gas burned 'will then come from coal via gasi
fication plapts t-

Lopking:again to the bottom line, let's see If conserva

tion alone solves our national energy problem :
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The gas problem s stull with us. Gas impdrts would
represent 22% of consumption in 1985 and 64% of con
sumption in 2000 compared with 4% of 1972 consumpuon
ln absolute terms, gas imports by 2000 would need to be
" 16 umes what they were in 1972 while the real world
Situation s that 1t 1s doubtful we wall be able to maintain

imports even at 1972 levels ¢ 2
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The o1l situation 1s still tmpossngle. Imported oil’s share
of consumpuon appears to rise from:28% in 1972 to 37%
n 1985 and reach 50% by 2000 Butin pract:ce we would
be ‘depending on imports for more than half of our needs
because even more ol would be used to replace the natural
gas shortfall Even today this trend 1s becoming widespread

in industry

to our energy problems .

e/

Quite obviously then, conservation alone 15 no solution

Major World Energy Resources
Fosail 10'8°BTU .
lo Gas 10
ol 33
Coal 170
Nuclear 1018 BTU b
! Uranium-Fission Reactor 70
Uranium-Breeder Reactor’ 420,000
Fusion Reactors 10,000,000,000
Aenewable 1015 BTU Per Year
Wind "3
Geothermal 9
Tidal | " 48
Sofar * 540,000
. >

To bégin to come to gnps with our energy problems we
need to first review the world’s energy resources The re-
source \base here 1s defined 1n’ terms.of ultimately Tecover-

. able reséurces/mclqdmg both known reserves and estimates

ofeall future finds.

In the fossil category there 1s about four tumes as much

coal energy as in o1l and gas combined.

in the nuclear category, if we had to rew\exclusnvely on
the present generation of nuclear reactors — fisgton reactors
— thére would only be enough uranium availabie to fu‘el re-

actors for about 50 years.

Breeder reactors, now being developed, will extend ura-

nium supplies for hundreds of years

After the turn of the century fusion reactors are expected
to become available and make aVallab_le an essentially himit-

legs supply of energy.

Renewable sources of energy — such as w:qd geothermal
tidal and sofar — have been highly publicized lately as the
" *fynal solution tg the world energy problem. Except for solar,,
however, these forms will, make only a minor contnbuuon
to our energy supphies by 2000. The basic problem 1s that
they are enormously expensive to harress, often remote
from sites where the energy s needed, and intermittent in

nature. *

Even solar, whrch has potential for home space heaung
and hot water heating, seems out of the question for elec-
trical generation. A typical analysis. would show solar elec-
tricity costing 30 cents per KWH, about 10 times the cost—"

of alternatives.
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Energy Substitutian Economy ” - BATTERY PERFORMANCE CHARACTERISTICS !

* Vigorous Conservation of All.Forms of Enfrgy ' » Lead Acd Battery-A \—\
v ¢ Substitute Coal, Nuclear and Solar for .. . ENERGY DENSITY

lncreas‘mgl;’Scarce Ol and Gas Watthours/Lb 12 20 25 M
' *Preserve Gas and Oul for Feedstocks, -
\ Lubricants, Jet Fuel, Etc CHARGING TIME . 8hrs ) 3 hrs
v = LIFE 1yr 5 yrs,_
The pidin truth is that between now and 2000 we will be v :
forced to overcome the eyer increasing shortage of gas and World-wide, 20 million dollars a year 1s being spent on
* o1l by combining vigorous conservation measures and n electric battery research, from that will shortly come new
/creased use of coal, nuclear power and - to a imited extent batteries with doubie the,performance of the present iead
- solar Sigply stated, an Energy Substitution Economy acid bagtery. They'li recharge in less than half the time and .
¢ must evolve last five times as long
Only by bringing this about can we avoid economic dis By 1985 we forsee batteries with four-times the pir
ruption while preserving ol and gas for applications they formance of lead acid and before the end of the century
. alone can supply such as chemical feedstocks, jet fuel and i that figure will be ten.
lubricants, * e - The Electric vghicles that new battery technology will
‘ \ . make possible will find imtial apphcation in light vans for .

f urban service In fleet type operations By this | mean mail @
s OIL & GA§USAGE INTHE US. arid parcel delivery, télephone |nstallat|on meter reading
1972

and taxis
- . 1015 BTU . ,
- o 5 Y e . 2" Transportation Sector Electrification ’
==raam— —T — _— By 2000+ oo
o W T r Others 1 * 70% of Urban Auto Vehicle Miles ‘
" Space Heating J . o ~ ¢ 50% of Urban Bus Vehicle Miles

. ~ , +100% of School Bus Vehicle Miles .
m . . e 70% of Singte Umit Truck Vehicle Miles
Direct Hest l ’ S ‘ ¢ 70% of Rail Traffic
P ‘ o *100% of Pipeknes
1/ -I Feedstocks * Al

%

’ o ° -
: Water Heatng . With this as a start, by 2000 1t would be possible for
:] ! Cooking - electnc vehicles to provide: 70% of urban auto vehicle miles,
J Others” . * ' 50% of urban bus vehucle miles, 100% of schodf bus vehicle:
121

miles, and 70% of single unit track vehicle miles. .
Also by 2000, 70% of rail traffic can be electrified atong
*  with all pnpelln_e_SJ\

. 4f we are going to find. new energy sources to supplant Next on our hst of large o1l and gas users Is spacé heating
s gas and oil, most of the effort will be concentrated m just In both the residential and commercial sectors electric re-
four uses transportation, space heating, process steam and sistance space heating 1s already well known and growing in ‘
direct heat * These fOlU uses account for 80% of gas and ol use. Lesser known 1s the most efficient form of electnical
. consumption. ‘ : space heating — the electric heat. pump. .
4 We beligve that by 2000 solar energy, will supply space , ~»  This technology had its’problems when it was first intro- *
heaﬂng and hot water to about 10% of homes, * duced stemming from poor rehability, misapplication and .
Coal will be mcreasmgly ufed for supplying direct heat bad servige. But now the major manufacturers have rede-
qnd process steam in industry In the very largest ihdustries sngned their heat pumps and are providing pkoducts with
~ paper, chemycals and petroleum refining — cogeneration vqry acceptable rehabilyty. - “
““"Wectﬂclty and process steam will increase significantly. © Today’s heat pump |s twice as efficient as electrical resis- ’
But in the vast majority of apphcations, using our coal - tance. heating and fout times as efficient as gas and ol at r ’
and nuclear resources V!l" 'mean substituting electricity for the point of usg.’
direct combustion of o1l and gas in as many applications as o  We foresee 65 million homes heated ebectncally by the
are technically and economically feasible. * year 2000 — 20 milion with the heat pump. These homes

Let's start with transportatnon which accounts for 50% . will use electricy for, water heating, cooking and clothes
of our o1l consumption ~ . - drymg, further reducing consumptlon of gas and ol.

ERIC . SV |

Aruitoxt provided by Eic: e .




Turning next to process ste':am, such as is used I1n making
Heinz soup, this use accounts for one sixth of a‘JI the energy
used 10 1972 It has a wide variety of applications with gas
and oil fired boilers providing 80% of it and coal fired
boilers the rest. Greater use of coal and electric boilers can
significantly reduce o1l and gas consumption for process
steam, but there 1s something brand néw

‘e

a much larger compressor and working at much
higher cdmpression ratios and temperatures

FREE HEAT SOURCES FOR INDUSTRIAL PLANTS

IN-PLANT SOURCES

* Overhead Vapors from Distillation Processes
.+ Warm Water Efffuent from Plant Processe’s

* Refrigeration Equipment Cooling Water

« Air Compressor Coolirig Water

« Electric Weider CGohng Water

« Extruder Cooling Water

« Injection Welder Cooling Water

* Cooling Tower/Pond Water

*Flu Ghsgs

N

’

/“5

OUT-OF-PLANT SOURCES
* Condenser Cooling Water from Power Plants
. Bog:e!of Water — Ruver « Lake « Ocean

THE WESTINGHOUSE -
TEMPLIFIER ; .
Temperature Amplifier . .

N N

. For a Temp‘lmer, better free heat sources than the
cold outside air used by the residential heat pump are avail
able A body of water such as a lake, a river, or the ocean
can be used Better yet, higher temperature free heat sources
are often avadable from waste -heat inside industrial plangs

. The first Templifier was put into service this Spring in
one of our plants and replaced a gas fired boiler it started
up just In time to overcome a curtaiiment In our natural gas
supply

Our fourth big user of gas and o1l 1s direct heat Substitu-
tion 1s obviousty feasible Industry already uses electric
furnaces along with induction heating, dielectric furnaces
‘anEi electric ovens They are clean and efficient and often
yield a higher quality product As supplies of gas and oil
dwindle industry 1s turning igcreasingly ' to electricity for
direct I‘IeaL

An example of what’s coming 1s our own lamp plant in
Salina, Kansas Needing more glass melting capacity and
with no additional gas available we installed an electric fyr-
nace alongside the orginal gas furnace.

There are a few more energy substitutions, but these are
the main ones and are afl time will permit me to cover to-
day Let's see what the total efféct of tRese substitutions
and aggressive conservation 1s on the totaf energy picture.

.

Now imported energy in 1985 |s’about the same as our
present level of imports. As a percgntage of total energy
consumption, imported energy <rops from 15% in 1972, to
11% n 1985 ahd to only 1% by 20%). We have §otten back

. Air 8 - control of our energy destiny.
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The gas problem has been solved '8y drastically redicing With the alternative | propose, aggressive conservation
gas cansumption all gas imports have been eliminated by combined with energy substitution and achieving energy A
+ 1985, independence, our supply of convenfional ol would still ,
The o1l pxoblem IS now manageable Through 1985, o1l last 43 years because production hmitations stll apply.
imports stilt increasé somewhat over 1972 levels, but then Shale oll would only extend the supply another 50 years
decltne rapidly by 2000 Imported o1l represents 29% of our however | don't see this as a problem because we can &art .
1972 consumption,” 31% of our 1985 consumption, and early in the next centusy to find alternatives for ol in 1ts
only 4% of our consumption by 2000. Who cares if OPEC ) then remaining-applications
decides to 1impose another boycott! “ Coal and nuclear rescurces are no probfem.
. " YEAR OF DEPLETION OF U.S. ENERGY RESOURCES / : i_// )
. . ©k
1980 2000 2020 W40 2060 2080 2100 |
, - - -
Gas Self Sytficiency - . N L
l - . ¢ ' B P -
1972 Use Trends d - %
. o . I, N w—
Conservation Oniy ’ ' - ',
= i , A )
Energy Substitution . N . ]
Co. Ve - . )
. ) . < .

o - (D Con;lennonal Shale O} .
Self Sufficiency ~ 1972 Use Trends . /] . oo

s et oo v, .

" ¢ .

Energy Substitution ~ Max Dom Prod l// ////////Aﬂ ,

Efiergy Independence * R
b . . e
. 13 . . N . \
Coal — Energy Substitution . ‘ . . | .
> ‘ . ' 700 Years . v
. . ’ . - _
Nuclear — Eneigy Substitution ’ . ’ _ . ~
’ , Light Water Reactors Now . . '
. ** < .Breeder Reactor by 1990 < , ' , .
Fusion Reactor in Early 2000's . Unlimited  + . it
® N -

- )

From a depletion standpdint only gas and oil are in J
imminent danger of depletion. -~ ~ US. GENER.AT'NG CAPACITY '

If we only conserve ggs. our supply will be gone in 2005~ < (Gigawatts) . ~
Just 30 years from now. In the meantime the demand for o Ehergy Subsutution :
gas In excess of attalrzable domestlc production fevels will ~ Without Loatt Management ,
have to be filled by imports, or by shifts to oil, or just plain L. 5\,"‘",'1":05:,",(,’;'"";:2,,"‘
suffening 1f, on the other hand we undertake the Energy 2°°°[‘ e 1972 Trena <
Substitution Economy, our supply will last for 70 years, . e
imports can be elminated, and other energy source$ will === Comenation Only .
supply the needed energy . .

In the case of oit, If we somehow could have.supplied
all our oil needs from the U.S. from_.1972 on, all our ol
would be gone in 24 years. Exploiting shale ol would add ,
another 33 years. .

If instead gve conserve oil, recognize domestic produc:,
tion-rate hmitations, and would accept the power of the
shetks to stop our economy cold by allowing unhimited
imports, our oil would last 43 years, Explomng shale oil .
would give us another 75 years supply.
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Implicit 1n the Energy Substitutjon Ect;no;ny concept s
‘v, “the increased requirement for electrit generation fac_lﬁtues

If 1972 energy use trends had persisted, total generating

capacity 1n 2000 would have heen, 1410 gigawatts Oonser
. vation alone would reduce that to 1020 gigawatts.
. To,take care of all the substitutions we have discussed,
. total capacuty in 2000 would rise to 1660 gifawatts This
. would be a 83% increase over the Conservation Only case
. "< anda17% increase over the 1972 Trend Case.

Byt there 1, an ymportant new development,that will
lower generating capacity needs The Federal Energy Ad
. ’. munustratuon has begun to enter «state utuluty commission

electnc rate cases FEA’s objective, In part, 1s to see that
'electn‘c«ty users pay more for using electricity durllng periods
of peak demands on the electric utihity system, and less for

, o electncity used in slack demand periods This strategy
. should resuit in shifting electric loads off the peak and re-
ducmg the mstalled electrical generating equ\ment required -

We estlmate that this load management philosophy will
reduce the lnstalled generating equupment needed for the

. Energy Substitution Economy 1n 2000 from 1660 to 1490
L gigawatts, a reduction of 1%

. N

Planningimplications of )
. The Energy Situation )
Oonservatuon <
Ce -
L . Extensuve Public Education and Voluntary .

Agreement Programs

« Increasingly, Mandatory Efficiency Standards
- for Energy UtullzaWn Devices

’ 50
From this overview, it should be clear that there ate a
number of implications for personal and institutional
planning 1n the energy outlook, Let’s look into our crystal
. ballt ’

On the conservation front we wull‘be seeing a rapid pro-
liferation of public education programs designed to reduce
consumption of all forms of energy. -

' On a parallel track, government agencies will be working

with energy intensive industries to reduce consumption per

. unit of production. Manufacturers of energy utilization

equipment of 8l types wiH be asked to enter into voluntary

agreements to |ncrease efficiency. Such efforts are now
underway in the auto and home appliance fields.

As our energy crisis deepens, one can expect to see

¢ mandatory energy effncienéy standards taking over. Likely

autos and appliances. ,

Aruntoxt provided by Eric:

2

- first candidates are commercual and res(ntual buildings,

Planning Implications of .
The Energy Snuanon

Gas. e
**Shortage 1s Severe and Will Get Much Worse
¢ Industry Wjll Absorb Shortfall to Maintain
‘ Supplies for Resudentual and
Commercial Sectors
- * Short Term - Industry Will Turn to O1l,
Worsening Oil Import Situation -
* Mid-Term — Use Control for New Installations
. Long Term —\Coerclve Meéasures to Force
Swutchung‘to Coal, Electrucuty a?d Solar .

On the natural gas front, the shortage |s-already severe
1t will get much worse and eventually |mpos'suble'\
. In order to mamtan service to the residential and com-
mercial sectors, industry will be forced toabsorb the short.
fall. in: the short term |ndustry will turn to odl to replace

“gas and the ol import situation will worsen One would ex-

- pect the worsening import situation- to be politically

tolerated because the alternative 1s the loss of thousands of
jobs. AN .

In the midterm | expett to,sepsthe emergence of energy
use controls That would mean that for applications that
could be served by coal or electricity, use of gas or oll
would be prohibited. Examples might be hot water supply
In the meat packing mdustry‘bl: in.industrial metal cleaning
andfplatung processes. Y “

Jn the larger term there will, probably be coercive meas-

, ures taken to force switching away fron)rg}and oll and to

coal, electricity and solar. .

.

N

P’Ianning Implications of
« The Energy Situation 4

* i

Qs . 4

* Mid-Term — Qul lmpor%s Wil Risg Significantly,
Especially if Economy Recovers

* Probably Mandatory Auto MPG $tandards

» CoercivigMeasures to Force Use of
Mass Transit i

* Heavy Government Inyestment in Electnic
Vehicle Technelgqy

S . . \

On the oil front, ol imports quI’ri:e significantly in anyt
event and sharply so if the economy recovers. This everit
will ikely trigger mandatory auto miles per gallon standards
among other measures. Coertive Mmeasures to force use of
mass transut ase virtually certalmas well,

Heavy government mvestment 0 el&trlc vehicle tech-

nologv. now In the vtalkmg sgages, t2 \ﬁttually certain, -

g T
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. The Energy Situation J

Plannmg lmphcatnons of,

Coal, Nuclear, Solar Efectric Generation
* Government Programs to Develop ¢
Resources and Ease Financing Problerns

”Turmng to the more plenuful forms of energy, much
more ernmental involvement in development of coal,
nuélear and solar energy resources is certain At present this
involvement 1s concentrated on Research and Development
Programs, but pressures wilibe enormous to extend involve-
ment into brick and mortar in view of the enormous sums
of money involved and the inabihity of the private capnal
markets to provide 1t

Planning Implication of
The Energy Situatipn

Efectric Rates. .
. Flat}en Rate Structure, Probably With
- “Lufeline ** Protection for Low Use Residences
* Long Run Incremental Cost Used for Pricing
* Time of Day Demand Metering/Load Gontrol  *
* Much Development of-Energy *
Storage Technology

Maio.r restructuring and reform of electnc rates Is just
around the corner and the dimensions are now clear. '

Rate structures will be flattened to reduce or eliminate

“thg quantity discounts which now benefit large users. Life-

line rates, intended to provide a cheap but small block of
power to fow lncame groups,wili become common.

The long run mcrementalcost concept s likely to achleve
acceptance for rate desigh purposes Combined with ume of
day pricing, the net effect will be to ificrease, tng cost of
electricity used on-peak and feduce the cost of électricity
used off-peak. .

Time-of-day demand metering will flrst affect the indus-
trial sector and then be increasingly seen in the commerc al
sector. lkt

Load contrdd will be increasingly applied to the residen-
uial sector The form of load control that will emergeys not
glear but is likély to be some combination of time switches
controllmg electric hot water heaters and some appliances,
radio controlled switches accomphishing the same end, or
ripple.controk-working through the power lines,

Finally, | expect to see much development work don¥"

on energy storage tech nolggy. Whale applicable to ali sectors,
the first efforts will be in 1ndustry so that plants can draw
power off-peak, store it as hot ' water or in batteries, and use
the stored energy during utility peak hours,

\)4 ‘(
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. Semng aﬁldé\ny crystal ‘ball, thére may be some ways n

whnch we at Weshnghouse can- help you cope vmh t}\e

BRAVE NEW ENERGY WORLDg,

M <

P . PN
. > * . 2 \
d g v . :
- Ways Westinghy use Can Help, . T L.
" {Paruat Listing) : ) ’
Typncal User Engrgy Problem N B

* Analysis

(Sometimes With Field Data Collection)
* Develop New Technology~- ‘
+ Design, Fabricate.and Demonstrate New

Device {(or Syst’em Concept) .
* &

-—

» . '
The energy problems of most users that we. have en
countered seem to fall into one of three cafegories,

The firstcategory #s the need to analyze an energy prob-

lem, often mt}tudmg coliection of field data as well,
The%econd category 1s the need to develop new tech.
fologyo solve a problem

The tfird category- IS the need to design, fabricate and

-demonsfrate a new device or system concept.
A -

<o
. e, .

R . ;
Ways Westinghouse Can Help
, (Partial Listing) o

Working Basis
¢ Existing Product — Related Normal
mAplecalIOn Assistance
* New Product/Technology
Contract Basis

Ways we can help you are fnany and varied and obviously

depe_nd on what thgspecific problem is.
the spectrum, solving a problem may In. :

At the end
volve nothing more than application assistance for a product
we already make. Here Just contacting our product duvusuon
will be 3ll that is needed. .

At the end of the spectrum, solving a problem may take
sophisticated analytical technmiques ,or advanced researgh
and devglopment effort. We would provide this kind of
effort orra contract basis.

My .own organization, the Advanced System Technology
Diwvision, oniginally existed to perform contract study work
on problems of electric ytilities. But with the energy‘cnsns
there 1s often a close c6uplmg between energy utihzation
technology and ele@ ytnlmes‘ So today our work goes far
beyondujust studies for electricutilities. > .

&Hre are some of-the-areas.we are currently involved n,
éitrler independently, n a project management role, or in
cooperation wi‘}h other Westinghouse organizations

N ,
13
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» . Ways Westinghouse Can Help . »
{Partial-Listing)

Technology and Field Demonstration
- * Building Enefgy Studies

* Process Electrification Téchnology

* Solar Technology

* Emerging Heat Pump Technology
Process Steam and Hot Water .
Grain Drying .

. * Electrical Managemeny

Energy Storage Téthnology
«Demand Metering and Surveys
Demand Control Technology

* Impact on Electric Utility Systems

. »

A busy activity is one of our groups.which does building
energy studies using probably the most powérful computer
analytical techniques in eRistence. Curreﬁtly their efforts
range from studles of energy options for off1ce and com-
mercial busldmgs for architeét engineers and’ government
agencies, to studies of dozens of residence$’ for an EPRI
heat pump research project.

rocess electrification technology s another actlve area
as gas, curtallments escalate. Applying electric arc heater
technology to high temperature processes in the chemical
industry 15 an example of one such activity getting a fot of
our current attention ‘.

On solar techMology, Westlnghoﬁse actnvntles range from
conducting solar demonstration projects in publndbunldlngs
to work for ERDA on using solar energy to generate elec-
tricity 1n utility-sized quantities.

Heat pump technology 1s another area of jnteresf. The
Temptifier, which § discussed eartier, is now being demow-

n

w

interested: i} outside fundmg for extendmg the heat‘pump
ng pnncup" into the 300F temperature rahge as \ﬁell as
into the grain drying field,

Load management technology, both from a user and
utility standpount,
help. Here our experience includes energy storage tech-

strated as lsource of hot water for industrial use We are

. nology, and demand metering and control technology.

Ways Westi;lyiouse Can Help ’
(Partiat Listing) - \

Resources.

+ R & D Laboratories i

« New Product Development Laboratory

* Product Dwisions: Products Serve All Sectors

* Advanced System Technology
Electric’Utllity,and Program Coordination

i

. v

As \;our energy work progresses you may find situations

where we can help you We at the A(}vancea Systems Tech-
wgology Division of Westinghouse will be happy to put to-

géther whatever combination of our resourtes is needed to -

support a contract effort to solve your problem.

As | close, let me once agaio thank you for dsking me
to join you today. | hope thatiyou have found my presenta-
tion to be current, interesting, and nYaybe even contro-
versial. . h : «

I do want to leave you with one thought. Tha energy

crisis 1s already upon us. If we are going to solve it, now s

the time for action, not protracted debate. | think.energy -
action 1s the theme of your entire program | (!ngratulate
you for that and wish you Godspeed ~ L

%
Thank you.

s another growing area wher\e we can’

ot

v
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oo If Paul Revere had 1t to do over again, he would never , Land g . . . )
. " getto Lexington in time to save the nation. Today in the In the world in 1975 there are approximately 3.6billion
’.‘/ rush hour of Boston traffic there 1s no way he can make it acres of arable land These land areas,are shown by regions PR
. By the year 2,000 after Boston builds new transportation n Figure 1, - - -~
-4 surfaces, he would fail because of the lack of fuelfor his_ ) Figure 1 .
veticld, He would fail, that 1s; unless our modern creative Arable Land Available for Agricultural s
society can rise above traditional politics” traditional . Production W°"|dWid9')bY Geographical Region L.
phifosophies about the Great Sodiety andﬁe’newideologlcal. ) “ {Reference 3, 4) ’
thrusts for saving the total enVironment. We need a Revolu- 1700 WORLD ARABLE LAND BY REGION
tion. A specnal kind of reyolution which could be called the . 4000 500k 1950 1970 . ’ .
Energy Revolution. This can be brought about if America . . . PROJECTEDTO 1985 ’
will set aside politics, money goals, -and income maintenance 1500
programs and instead will concentrate on re- captivating the * %00p wod] "
interest, the attéhtion, the enthusiasm, and the dedication , -
of its most capable citizens. This coutd become a revolution 3200k 1300
based upon knowledge, performance, cantributions, coop- . < ¥
eration and acceptance of respnsibility.,That 1s the Amer!- 1200
can Way or, more precisely, that 15 the way the Brcentennial oo T - \
posters proclaim, But so far national epergy policy has failed : » - '
t0 appear on the main track, U6,A» g 2e00-& ‘°°°
Americans are bewildered by the-suddefingss with Which g E{ioo
the energy crisi$ has impacted on our ‘nation and they are o § z
confused about what it means, how long 1t will last, and 3 2oce —§ 80
what we must do to remedy the situation. There 1s much = 3 00 .
disagreement concerning the energy “policy” but all appear 1600~ » ’
T to agree’ that food, population, sprogress, and energy are 600
. related. . L : . vl | s00
The exact relationship, howevef, has become confused * . .
as a result of statements about éxtessive use of energy by 400
agricuttunsts, The statements are fisleading and the basic ™ B0OF e
data needs to be presented. ft 1s appropriate, therefore, to
consider energy in agriculture in terms of energy contentgf ., | 200
* materials, arable land areas, world population; distribution 0% 100
of population and food requirements, production, processing o .
‘and use. Then the food consn‘deratlons will be explored in /,/'0 ——o0 1950 1960 970, * 1985 ’
relation to energy budgets in‘such a manner that the true . s R
. . * LATIN - . - - Ad
- facts about energy in agriculture and food will come to asia [ america EZZZ3 vssk ] oceanin
light, | - . S AFRICII\ , TN mEUROPE e
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In the worid in 1975 there are approxnmately'4 0 bhH;on
people. The dnstnbutwn of wbrld po|

lation is presentedam

Figure 2. Note especnally thegrowing population in develop

ng countries and .the almost parallel boundary lines for
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Its éstlmated that the pe; capita constfmptnor't of food
in the world wili change very little in the next 25 years.
__ This assuges that food desired will be avaifable. More
people w:gteqynre a greater food total byt not per person.

developedregions - Theé individual food consumption, woyld average, 1s:
‘ Land _ ' . - i .
World Ratio:, geapie ~ 2 "+ - 500 Kg x 2.2 Ib/Kg = 1100 Ib/year
Although the average world ratjo 1s about 1 acre per per’}< ’ or Te
son, the unequal distribution of population causgs the 1 ° ‘, 31b. of foodyday .

'acre@erson to be somewhat musreadmg For: eXampIe con-
sider: 3
. For Asia 0. 5,acre/person
‘For USA. §5 acre/person -
This is quite a‘mé'ibr‘difference when one considers pro-
ducing food. Do you work with 1.5 adres or 0.5 acres? The
daily human reguirement for food is the same no mattér
what the icreage. The peoples of a region must either pro-
duce enough food, import it, or accept undernourishrhent

»-as a part of therr ife. So Iongas‘they permit pogulation,to

increase without additional land area on which to produoe
food, ar w;thout ‘increaséd production/ acre, there are ob-
viously problems on hand. °

of

In terms of Kilocalories, the ‘normal amount requtred per
person per day 1s 3 000. *

1 Kildtalorie = 4 Bhtish Thermal Units ‘Btu)
Daily Btu requirement = 12,000

According to*ths‘se relationships, a person needs 3 pounds
- ,of food having an average Kcal content of 1,000/Ib or an
, average Btu content of 4,000/Ib. For the considerations in-
volvnng energy the latter value is selected for purpose of
comparnisons. fy

N4 Required Btu = 12,000/day

~
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Energy Conslderatrons and U§age

. . 2 ,°
Solar . P M ‘P

As the smgle source of Lmnhe world s,energy, the NV
annually sends to the surface .of the earjte approxrma(fflv
0 x 1015 Btu* Most of thys energy if re- radiated .
into the a(mosphere but 1t |s.esnmated that maybe one .

percent s re(alned Hf this is the case, (he sun supplies an .*

nually 15,000 x 105 which turns out to be about 60 times_

the total energy used in the world Capturing and using -
more of the sun’s energy 1s challenglng and obwviously merits
much effort ' -

Ano(her challenge, to agrlculture especially, 1s to enhance o

the efficiency of plants to convert sofar energy . It 1s esti
mated that plants now use only‘one to two percent of the
avallable solar energy in their manufacture of plant tissue
Ways and means of mcfeasrng this p tage s obviously
a menited research undertaking -

. World Usage

The world s energy usé In 1970 N been (o(aled by a
University of California Food Task orge (3) as 211 Btu x.
105 Of this amount, the U S.A required 5 x1015 Bru
or apptoximately 35 .of all energy consumed in the
world For 1974 these values are esnma(ed to be v

*250 x 1075 Btu Warld Use
83 x 10'5 Btu U.S.A
The projgcted ghiergy requirements in 19853re also‘glven
in Eigure 3 (3/4). Increases of these magnltudes will ser-

energy supplies and much adjustment, reajlo 5

ection of hew types of energy, econpmy of use,
Igoup and down the stream between pow and 1985
Particuldrly 1p agricujture, the concern 1s about natural gas
as a source of rytrogen fert:tizer, World petroleunwas critical
and coal and nuclear soufces ob energ¥ are sure to corhe
very much into the picture, by 1980- 85 Nuclear energy
sources wnll undoub(edly replace abou( .one- fo?mh of the
fossil fuel types by 1985, . \
a, -

Uses of Energy InU.S.A. e s
As shown graphically in Figure 3, 'the Untted States con-
sumes over 1/3 of the total energy uséd n the world al-

. though 1t has only about six percen( of the world’s popula-
<

,ion Ours 1s an energy oriented hvmg standard and much
concern arises when certain energy sources are identified as
exhausting and n@n:renewable. Thesindustrial m.gh} “the
hfe style, the foodsproducnon and transportation and the
G NP have all evolved assuming avallab!e low cost eriergy
And suddenly, or so 1t appears, the supply of energy 19 ts.
‘present form 1s very much in doubt

Inttially in the U S A the base-energy source was wood,
along with ammal and man power Then coal became avail-
able and our mdustry quickly moved “from woéd 'to coal-’
burning power units for mdny" applications, Then alon‘g
came crude oil and 1ts multi-advantages, low cost and abun
dancy led to the adopnon of (he fossil-fuel-based economy

:'EK

A 701 providsa by Eric:

¢ the backboné of our
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-
tu‘r'bmes; electric devices became
hergy system s tmportant to em-
phasize that n afl these instances — wood-coal-oil — the
choice to change to the'new energy.base was vo/umary The

Gasohne, dnesel, gas-fire

« prmclpabfact’or in today’s ener’l sr(uat’@n Is that the change

: "trom one type of energy to ano(her 1s'not by choice. There

. must bé a re- dts(pbunon ’of energy types as these are ap

‘plied (é‘vaglous industries, resrdences, transportation sys
temg?etc. o f

Qe?ealnly nuclear power, sSlar- energy, and coal will pick
up from crﬁde oif much of the preseﬁ( energy burden
Nuclear sources may supply over one half of the world’s
“energy of tj\e next gener?men Oil, coal solag will ghare in
the load Bu?a res(rus(urlng of our energy §se aM¥ more
efflcleg( uses a{e the order of the day TheUimes of low-’
cost, abundant energy are goné Accuidmgly, energy bud- ¢
gets become very much a prime consrderatlon for all future
designs and applications !

The pie-chart shown in Figure 4 {2), focuses upon the

((houghtﬁt energy use and congrol involves everyone The

resident sers of @ébout 20 percent also centribute to the
(ranspor(anon “share 'Commarcaal and industrial uses re-
quire about 56 peftent of all U.S A. energy and agnculture
1 aga(t of this section . »

* The-pie-chart shown it Figure 5 (2) gets directly to the
energy and food issue This chart |l|us(ra(es the fact that ,
production agrlculture uses only 18 percent of all food
related energyh Many umes qngu/ture meaning produ
ag!/cy/ture Is errongously charg?dwmh all of the energy .
bbdge( wheft’ 1t 1s obViously the'food progessing and food
prepara.tlorf In the home which are the big_users of enegdy
The 33 percent for food proceassl.g and 30 percent for food-
related home-usds are clearly the major energy requirements

= which presently form the food-chain-complex in America

B

The (o(al amount of energy required by the food-com-
plex ’(Producrlon — Dinner Tab/e) In*America amounts to
135 percem of total energy_ usé’ n ‘this.country, Mulunly
ing by thé fac(ors n Figure 5, ‘the energy percen(ages be*
come:

" in U)S A percem of total energy used for food.
. For Food Praduction — 18x135=24%

. For Food Processing — 33 x13.5=45% .

For Transportauo»& Commercval — 19x 13.5 = 2.6%
For Home Preparauon —30x 135=4.0%

« .15 gbvious that the two areas, food processing and
food preparauon 1 the home, offer oppor(unmes for epergy
savitlgs. But con,‘sideratlon of the 7.4 percent of all US.A.
energy now belng consumed whilé .proé‘aclng the food 1§

« the prmcapal thrust of thfs paper. Savrngs nqthe protuctlon ~

area mlgh( sﬁrll over |o(6 the’processlng area. But regar.dIeSS
of this evenfuamy, the concern about energy costs and,
energy avallgmlrly “for fertihizer {primanly natural ga’__pr
nmogen) and for fuel for trucks and tractors and crop dry-
mg are ma|or l;sues n (oday s plannrng and gﬂocatlons

- _ . '
22
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in Table 1 (73). Note w*the "% of Total” column that thg.

largest energy requirements sbgw for fertilizer (36%)7and
fuel (28%). In this particular example irmgation energy Is
lower than is the’casqin the Southeast The energy for dry-
ing is lower than usual because with heated -air this valle
could easvly be as*large as that requ»red for gasoline (28%).
The values shown are for Ohio condnions, .

Calculations for these values and more details on prepar- _

ing energy budgets are presented |n-the following séctions
The energy yalues of interest in agncultural productaon and
related actiVities are furnished in Tables 2,3,and 4,

/It is important to observe that each,acre-inth of irriga-

tion water {under center-pivot, South Georgia conditions)

A

O
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Fertilizer ————— o
~ -

Pesticides’ ————]

rngItion s
Drying —rrmem—pf

IO G —

-

N , ) RN N
. ’ 4 4 . -
. ¢ hd -
Figure 4 . ' Figure 5 K ,
- Energy Usage in the United States, 1972 ( Pie CHart Dépicting Energy, Uxage in the
y - Four Major Categories Overall Food System — Production to Dining Table
‘ 2 » \ N %
, {Agriculture is a Part of Industry Section.) '
S . - ' ' .
v, %
4
. s . 18%
A 25 2% On-Farm Production
- ’ - transportation 33 v
N ,
N : s 41 2% * ; ' Food Processing
sindustry ! ’
p « .
L o _ 30%
* ) ’ 19 2% Households for _ J
- Food P
. V Resndenual ood Préparation .
, . J44% o .
. Commercial !
- -~ - g‘ , > ’
. - . :
v . ‘ - T .
i . .- s .
. s - Energy and Food Production )
. . . PO B ‘ N .
The plant model of Figure 6 présents thé basis for con. Fiﬂ"":G .
{ s:d’eratvons about energy budgets in producﬁgn agriculture, Moqel for Determimng Input-Output -
The plant-accepts solar energy, water, and carbon-dioxige, Energy Budgets for Field Crops
gonvel’tmg them throu:wotosynthesu into plant tissue. f‘,,pu, . - - oUTPOT
. Thus green plants are Ctually converters of solar energy. SOLAR / -
--and store it as protein, carbohydrates and oil, thereby pro-
viding forms' of energy which can be used by humans and
animals,” V§r|ous nputs suct) as water and fertilizer are ap-
plied in efforts to control and enhance the efficiency, the
quallty and the rate of the converslon An example with
acutal quantities in the mstance of the corn plantis shown Raw Froduct

Gross Energy
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' Table 1 . Table3
Typical Values for Energy Inputs to Field Crops (Corn) Enérgy Required to Manufacture or Furnish
{Base Dat] from Reference 13) - Certain ltems Used in Agricuiturat Production

Item . , Thousands Btu % of Total - o - Material . . Energy: Required
; T Per Acre o or <Amount °| To Produce or
M Equipment 1,667 14.5 P ftem : [ Furnish (B)
. Fue_l . 3,163. 27.6. Labor Mar‘\'hour 2,170 .
. Labor 19 02 Electricity KWH “10000
v ¢ Seed 250 .22 “lrrigation 1 acre-inch 500,000
¢ Fertilizer 4,190 o 36.4 N Ib 33,600. ¢
Pesticides 87 0.7 p Ib 6,200
s Specials N . . K & ) b — 5,200 )
Drying ,;%05 148 Herb./Inseit b vﬁooq.
- Transportation 8 24 Seed, Graint © Ib #10,000°
Irngation 134 1.2 / —
Total Input > - 11495 100.0 T 'g:::::apwot under typical condmo?:s " Coasta:?lam of South ~*
Harvest {Output) 32,399 81 bu/acre ' YT
. N 7 . . +
-~ . output N .. ’ .
. Ratio —*input 2.8/1 .. ) Table 4 -~ . .
Important Energy Values for Operations in
I Field Crqp Production
» . . ' {References 10 and 14) .
Tabie 2

Field Operation
(Average Conditions)

Fuel and Labor Energy

Energy Content of Various Materials In Required, Thousands Btu/Acre
. ! Fy

Terms of Fudl Heat Values

o .. ) HeatingVa_I;e Moldbgard plow and Harrow  ° 400
AP Material Amount In Btu Moldboard plow - - 370
v . Disc Plow 370 .
Coal ' 5 13000 Chisel Plow , - . +240 ‘
Wood, Pine 'b . 9,000 “  Disc Harrow - v, * 128 :
Wood, Hard b, ' 12,000 Planter. S 45
Dry Biomass L) « 6,000 , Cultivator 35 .
Bagasse - ib 8260 FemhzerSpreéd‘er\ . 40 -
) ‘ Fat: b 17,100 Sprayex «eo T . 30
Gasoline™ | - b~ 18-20,000-.. - V - = - 'z‘
- Gasoline™ , ° Gal .« 125,000 ‘ ') )
‘ " Diesel Gal 135,000 \ude all‘ machines 1 normal row crop operations might be .
. Crude Oil . ib 19,000, - ‘taken as"JO percent of the subtotal, not |nclud|ng the
Propane . ) b . 21,6’80' **specials.” There\’ére many factors {such as timés used, \
Propane ' Gal 92,000 acres, life of machine, energy to manufacture steel, etc.)
) Nat. Gas Cuft . 1,000 which make it difficult to specifysan accurate value for
‘ ‘Methane Burs™ Cu ft 1,000 - v, each item of equipment. - =
Methané, Avg. ~ Cu ft - 750 - The energy 1nput for any gnven crop production system‘ N
Efectricity KWH 3,412 ‘“} 1s the sum of thendividual input energiés shown in Figure 6,
Corn b 7:200 namely: . ~
. ) PR Energy Input = Eequipment + Efuet + Elabor + Efertiizer
. ’ requires 500,000 Btu and to note that pesticides require rd + Eseed * Epesticide * Especials

- 44,000 Btu/lb. to produce. This is within reason in the
«’ budget when 2 lb/acre are used but the values' can mount
. up qulckly if pesticides must be reapphed frequently owing-

to wash-off by heavy rain.
Values of energy required 3o manufacture a piece of
, - machmerv or a tractor can be securedt from manufacturers
or from Reference 10. The value of energ'y required to pro-

where Especials = Energy for lmgatuon + Drying + Tzans
- portatlon +Farmer Pickup Truck. .

- Using this equatian and obtainingyalues from the Tables,
a prediction s made for growing one acre of corn under
South Georg:a conditions. Three inches of lrngatuon water
were mcludgd but drying and transportation were pot The

_’ . 5 ) ! ‘ N (b
25
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* <, Table 5 . ’
R Summary of Calculations of Energy Reth
o To Produge One Acre of Corn in Georgia " -
! Energy Item ‘ oArnoun't Thousands of Btu
"’Fuel . 4gal ” . 480 .
- Lf ) . .0
* izer 100Ib N It 3360
7. a0bP * 208
. ‘ . 401b K 208 ‘
’ Pestitide’ 21b b 88 -
Br , Seed uaoxcol T100 00 - -
. \J_’ , Subtotal 4454
.. ., Bquipmerft” _J10% of Subtotaf 45
-~ irngation 3 inches J 1500 .
e ?
N )j( M - N Total 639}
. Harvest - 90 bu x 56 Ib/by $729rb

- 36,288

yreld of 90 bushelsjacre € 56 Ib/bushe{ provnded data-far
energy yield {output) The results of the computations _
are given 1n Table 5. The returns are seen to be 36,288,000
Btu for an input of 6, 399, 000 Btu and the rairo of output ,/
fueI energy to inpyt 15, 67/1, .
Almost 6 upits are gurned for, €ach one unit of heat
energy-equivalent input, ,‘

LY

Consodmng Energy Output/lnqut .

o
.

. In the corn productlon data shown i Table 5 g
* . was not assumed to be a part of the systerz'\_ This pr%

v step would require 20,000 Btu/bushel to dry, corn frém 2
to 13 percent moisture undef normal conditions, The input
total would -become 8199 x 103 and the ratio (retqrn/
mput%
Thrs ty‘o%utputllnput 'nergy ratio computation 1§
. not the measure 'of agricO{tural production, quality, value
. or ef'fimency. But it 15 being held up by many as just such a
measure. For example, Mr. Clark (5) wrltlng\lnLSr”ithsonian
s . ‘states.”It takes as much energy te run U.S. tractors as is
. contained 1a~the food produced. Sore experts wender how
. lKng we can keep this up.”’ Since when was agiculture to be
so evaluated? How MUt coffe:w they care to

go without coffee because Tess drfergy 1s harvested than was

* L}

technology to agrlculture There'arre many possnbrlmes [o}:
°the Initial step of determining the. energy budget which
must be done for awareness. These pbsslpllnw\smclude m-

- LU 21
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used v the harvest? Coffee has zero ene gy

,ratio 1S 2ero.-

{n another example quo;ed from ar,3972 meenngof the

Iue'so the,

American ﬂssomanon for the Advancemént of Sclence n .-

sWashington, R'C., Rene J Dubos read this Sstatement. -

”Paradoxrcal as this may sound, ¥here are many situations i in”
which thé modern sfarmer spends more industrial talories
“than the fooli calorie¥ he recovers in the forn of food, His
caloric expenditure consists chiefly af gasoline for powering
his equipment and of electrlcn{y for \producmg chemical
fernllz.tisyd pesticides ., .

Staements such as thrs create lmproper and erroneous
conclusions. ‘Mr Dubos has ,Aassumed situations to fn Jhis
statement We can establish returns of 26 to 1 for slash
pme of 16!0 1 fora!falfé, of 5 8-10, even 14, to 1”for cofh,
etc. It 1s also acknowledged that through certain fqed;ng,
slaughtering and processing regimes there are” instinces
where thexoutput gnergy Is less than or equal to the input
energy. But i1t 1s by design, by intent, not by lack of proper )
methods, procedures or firograms.
~ There 1s now angd shall remaln;the “1 hke 1t factor per- .
“taining to food. Efergy is added to tertain foods In process-
Ing or i home preparation becausé “‘we like q{;etter”
¢he new condition. Some plants requiremuch more of this
sort af input energy thag do others, potatoes, for example
Although energy 15 mpptéd in tbe processing of the potato,.,
none 15 added to the Yood va!ue and man 1s here trading fuel;
for taste and®palatability, | |l| a third instance, the plant\,

energ?’;moa’ﬁrn)a‘cceptable and useful to e
poultry. For example.alfalfa fed to cattle fo'ion-
version ‘to milk for use as food. Again the energy,budget

tfers because man wants milk not alfa]fa R

The most fogical anluslon offered at this point is that
all aims and-goals Should be considered, not just one sipex: __
ficial situation injested for the sake of dramatizing a condi-
tion, Mark wants fgod to be acceptable both in value and in
taste. He 1s willing to trade energy to gain this end’

Another coficlusion” can fow be drawn concern’fng.‘
energy and fgod The ehergy cost and the supply in the
United States are suffiently alarmlng as to requife that a
new element be added to 'decision making when plagning

q .

agrlcultural production & enterprises, namely: -
. Ca/culate the Overall €nergy Budget -

Determlne "at least approxlmately, the amounts of energy LAY

which will be required to produie a d}élred result. Jl’hen
make final decisions based upon econorﬁrcs energy avanl

ability and returns and upon humanny s nee'ds

. .
t . ’«.,

stitution of coal, great savs gs n

~2‘5‘ .
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heating energy, sofar energy powered cooling systems, im-
proved tillage methods, reduced energy for transportation,
news_production/harvesting technology resulting in less
energy needed for processing and lowtenergy pest controt
methods

- Table 6 X
Fuel Energy Required for Crop Producti% ™
as a Function of Tillage System N

: e,

. % Saving -

Tillage System Fuel Req:rrfed Over Conventional

¢ Gal/acre T
ilage

Conventionat- ~ 4.8 ‘ 0

Reduced Tillage. 3.55 26
&ow Plant 3.30 3

Chisel Plow - 3.00 36

No Till 085 82

Note Example s for corn production, pesticides were not
considered in the energy requirements
.

¢

. Table 6 chtarns informatson indicating that the tillage
+systems selected for vartous crops should be reconsidered
with energy vaiues in mind The data in Table,7 chﬁs‘upon
/ifanspf)rtatron alternatives and make clear some definite

choices in thixarea ~

g .

. Table 7 - <t
Ratios of Output to Input Energy for Selected Crops ant,i
Considering Only the Rigestible Energy Value in

\ . Jthe 0-!3ut Material

. ~

L .

4 (Data from Reference @) o
. - T ] " Digestible Output
. R 3™ Total Production Energy .
Lrop N 7 T
- ' As Feed .
* As Food
/ . ,ﬁ,m Cattle °
<’ Alfalfa 10.2 . 59
v Corn Kerpefs— ‘69 .70,
N her . s 7 39 .
Napia Grass 3 9.7 N

b
. Solar energy adaptat\ons-to the agricultural gnergy freld :

as we" as forrhomes, merrkﬂEecral attention. At the start of

= last ?ear thew.we(e 138 solar heated structures i the world

of which 85 were in the U.S.A., according to W. Shurcliff

. ! of Harvard. .During 1975 an aJdmonal 87. solar heated
t}l'e J.S.A were started or are now cornpleted,

homes In
! Thrs report s fYom ERDA The entire mdustry Is develop
= ing, far examplg the Solar. Energy IndustryAssomt/on lists
50 equipment manufacturers, igcluding Grumman Aero-
spacg, v«'rhrg:h re¢ently announced a solar water heatet selling
for $700. Solar home heating equipment is also moving up
in sales volume yuth costs for a 2,000 square foot home de-

. .
el
, , . b
. *a
. -
Q . +
-- :
W7o e . J .
PEY r
Y .

. 4
Table8 . .
Conversion Factors for Energy in Agriculture
To Obtain Multiply By
Calories Btu 4 ’
Btu Kitocalories 4
L.bs , Metric Tons 2200
Acres ’ » Hectares 2. 4’/1
* Sq. Meters ectares 10000 .
Pounds Kilograms 2.204
Btu Joules . 1055
Btu/A M 383
hm?2 -
i I . - Y
| /
f Table 98—~

Energy Requirements of Transportation
for Agricultural Products

- l' a(.Data fram Reference 1)

.a possibility and is being studied..

TransPor(lMode Bt/uD'on‘M{
T =

Pipeline 450 -

Barge ~ Y. 680 i
Raij* 670

Truck - ' 3,800

Al 42,000 .

[N L9 ‘ -

creasing f{or:n $5.500 to $4,500 ERDA predicts tha( the
sun will provige 7 percent of United States energy hy the
year 2,000 and 25 percent by 2020
* This percenfage 1s low. A more necessary and attainable
goal 1s 6 percent by 1985 and 10 percent by the ygar 2,000
Reference to’cértain energy uses in the home and n agricul-/
ture shows a potentnal for shifting 2.5 percent of the na
tron’s energy to solar # This value 1s suggested as obtainable
if solar energy t3kes over for water'heating (1.0 percent), °*
space heating. (1.2 percent) and agniculture {.3 percent} of
the nation’s energy percentage values. it 1s recognized that
the 3 percent from agriculture means shifting to solar
about. 13 percent of the energy used in production agricul-
ture. This can be achieved with attention to drymg, fertil-
1zers and livestock-poultry envirghments and to direct solar
energy, indirect thrgugh methage gas and improved photo
synthetrc conversion of carbo,n droxide to biomass which
would then be used for enérgy. =

Some drying should{be done with coal as another alterna-
tve The uge of natural) gas because it 1s clean, etc. must be
aItered.u_tGas 1s needed § fertilizer. :

In some locations and Instances chemical fertilizers
could be replaced at least in part by better management of
ammal manure The use df.sewage sludge or effluent is also

In the cate of pitrogen in particular, an increased use of
legwmes as a natural source-wbrkeﬂ’fntg: the crop rotation




- s;/s,terﬁ—must receie renewed consideration, Also, over-
apphcations must cease—better placement and/or timing of
application must also receive renewed attention, along with
seeking'the right combinations of water,and fertilizer to in-
crease yields while lower energy inputs.

.

.

Although agricultural production energy alone is com-
paratively small < it should be combined with processing
{as a system) with aview toward, a sizable decrease in energy
requirement. Then a lower level of processing 15 very much
in order for America‘s future.

. , . K2
Y s,
. N "' ‘
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AGRICULTURAL POLICY INFLUENCES :
o ON ENERGY USE IN AGRICULTURE :

. John O. Dunbar *
. . . ) Purdue University . . RS ¢
. ’ : . _r !
- . >
In this discussion, | am going to review our basic agricul- this perspective will help us determine the highest pay-off
tural policies and changes made to fit our current situation, in our research development and education programs con-
- then analyze the influence of thete changes on energy usé cerning energy use in agriculture.

in agriculture agd the challenges they present. Hopefully, «
v, N .

N

*

Qur Ag'iculturatholicy

The long-run~goals of Amer;can agricultural policy are. . ® A whole system of price and income support, market

1. To prowde ever-increasing quantities of food for our N development and production adjustment programs
. growing population, improve diets, provide food assis- designed ta keep farm incomes &t-socially acceptable
= y tance to underdeveloped countnes and p[owde foreign levels and maintain a strong growing productive agrl- .
{ exchange. . cultural/plant J . .
: 2, To provide food 3t low cost to the Amencan con- ® Afree choice systemin which farmers, input suppliers,
sumer*— through continuaus improvements' in tech- processors and distributors can freely enter into new
nology and efficiency all along the food chain. . ventures, apply new technblogy, trade freely and seek
» 3. To maintain farm incomes at a level comparable to new markets for their products with- control of
. what farmers’ resources and talenits would pay them monopoly, support of s:ooperatives
in other occupations. ‘ L '
4. To conserve natural resources required for food pro- Pubhc interest and support for these goals ebb and flow
*  duction — soil, water, natural gas, petroleum, and with changing economic conditions.-For example from the
others, . ' early 1950's until 1973 farm production was increasing
s 5. To maintain the commercial family farm n rural faster than demand and farm policy e¥forts were directed S o
v America as ¥n institution through which labor, manage- toward solving problems of chronic food surplus, maintain-
ment and capital aré applied to the Iand"for efflcwnt ing fatm price props, and disposing of surpluses. We retifed .
-7 , ‘ Rlow-cost food production. 60 mclli:ﬁ- acres from agriculture. There was plenty and the
Institutions and programs in support of these goals include: _ refative cost of food was declining steadily. Consumers were
®-A.large, sophisticated systen} to provide up-to-the. concernéd with communism, Vietnam, and the environ-
minute information on supply, price, and marketmg ment but not about food. .
‘ * conditions . Public support-for research, dev‘élopment, and extension
* An elaborate road, railroad, water and air transporta- education to increase efficiency in agriculture was hard to
R tion $ystem maintain. - - h 4,
* e A system of cooperative agricultural research sup- In 1972-1973 the situation abruptly changed There was
oot ported by federal and state governient to unlock the a 7% short fall in world production of food and feed grains h
secrets of nature, improve technology and develop  ~ in 1972-1973 caused by drought in Russia, India, Australia, .
s management systems for efficient and economic3l South Afr_qca and Asia. Then came the energy crunch with
production of food and fiber - - a shortage of LP gas for crop drying and natural gas for
= e oA ru#lly effective cooperative extension education fertilizer and agricultural chemical production. A poor U.S,
’ system whlch provides specialist and county agents crop in 1974 and a poor crop in Russia and west Europe in
" to help farmers and agribusiness managers adopt new 1976 kept the pressure on food supplies. o )
s technology quickly and profitably- - With an inelastic demand for food, coupled with double-
- ® A responsible farm credit system to supply the fiac- digit inflation, fdbud prices skyrocketed. They made front
. tuating, growtng capital needs of agriculture K page headlines. Food, agriculture, petroleum and fertilizer'
oL . 2 . L,
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suddenly joined inflation. and:- the environment as main
topics of concern. - s

With U.S. petroteum reserves dwindhing, agricultural ex-
ports took on new importance. Efficiency and our competi-
tive advantage in world food pfoduction had suddenly' be-
come highly significant factor¥ in acquiring foreign cur-

rencies with which to buy "hquid gold” petroleum. .

These forces have brought major chan
agriEuIture policy. We are now:

* Emphasizing full production and abu “

L Recommmng ourselves to food exports fo natrons

_with hard cash N

® Providing food for aid in jess developed countries (15
billion 1s our 1975 commitment) ¢

e Committing ourselves to assist in rebuilding world
food reserves

® Reemphasizing freedom from government restraint

3

in emphasisun
.

’Farmers have brought 30 million acres back into produc-
tion and we are 'talkmg about our capacity to bring still
more land into crop production. Private industry has ex-
panded fertiizer production facilities, oil akd gas explora-
tion and development. Government funds for research have
been expanded in Energy and agriculture. The USDA and
Agriculture Experiment Stations have shifted research fund-
'lng to these problems. And the extension service has re-
emphasized its commstment to agricuiture.

To achieve our current goals, we will have to increase
far'm output more rapdly Vthan the 2% rate of the past few
years. This In turn will take large increases of inputs,
specifically fuel, fertilizer and pesticides produced from
petroleum and natural gas. Of the total energy used in the

. US. the agricultural sector uses 13%.
this 5 for direct farm production,
ing, pracessihg and distribution.

Table 1

Emmmd Edergy Cc.'}h{nptlon in United States Food and Fiber Sector 1980

. . »n Input Manufacturing
. K +Food K A P
Fuel Farm [Production] Family| Process- ng:; [e)ti':g F: ed Animal . FJ'“
s Crops | Livestock | Living | ifig 42 o repared (Marine jo \oop| Ma- Pesticides|Petroleum| Total
v . |industrees tribution | Feeds |Fats& chine- :
5 Ouls J oy ‘ A
? 4 {Trillion Btu's)
Gasoling | 375.2 125.1 1J379.6 9.3 86.3 1.2 3 - —_ z - 776.
Diesel 301.6f 1002 1 1.0 - | 9026 - - - -t - - | 1304
Distilled ] . -
Fuel Oil - - 68.3 68 1 - 3.8 29 3.0 1.2 -3 1.3 149.
_Residual ‘ . -
Fuel Oif — - .- 20.1 - 2.6 391 1.2 N 4 8.7 115,
LPGas {1000| 334 [1145[ 975 -] 32 3 - - - 2.
. Natural ‘ - . . 7
Gas - - 44.5 R 729.2 N 57.3 28.1| 6815 | 184 6.7 186.8 1652,
Electnicity | 15.1] . 45.3 81.4.F. 464.5 - 39.2° 6.8 Q70.1 4.5 1.0 10.8 738.
Coal - T 98 153.3 - 3 3 1.5 5.4 1.7 |.' 13 173.
Other - e | - 6.2 - - - 207 1.8 7 | 28 13,
Total 791.3| 304.0 499.2 1548.3 9889 | 107.6 42.7 659.4’ 32.0 10.? 2114 |[5195,

Assumptions:

-
1. Currht trends 1n output and input use to continue

2. Dlstnbuqon of total Btu by fuel type would be the same as in 1971
3. Safe quantlty of energy per unit of output in 1980 asin 1970

Source The United States Food'and Fiber Sector Energy Use and Outlook prepared by ERS, USDA for United States Senate Coromittée on
Agricuiture and Forestry, Commmee prifit, September 20, 1974

\

ges comes to bear

- .

[

Influence on Energy Use .

leum for production. Major crops affected are wheat, rice,
cotton, tobacco, soybeans, and corn.

Domestic demand has been growing only slightly faster ’

* than the. populatton increase.
In the short run there 15 no way to get the increased




L

total food production needed withgut increased energy.

To farm increased acres™and increase efficiency, farmers
have alrgady purchased much new farm machinery. This will
take more diesel fuel, but less gasoline. Increasing intensity
and crop yields will require more fertilizer, pesticides, and

herbicides. This will require more natdral gas. Drying larger-

quﬁntmes of grain will take more LP gas. Increased trans-
port will take more dieset fuel.

Figure 1
Energy Use in the Food System, 1940 through 1970,
Compared to the Caloric Content of Food Consumed
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Figure 2 _ )

Farm Output as a Function of Energy Inpuf to the
U.S. Food System, 1920 through 1970
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In their excellent article on “Energy and the Food Sys-
tem’ John and Carol Steinhart estimated that it takes
nearly 10f calories of energy subsidy to the food system to
obtain one additional calorie of food.! s energy\ subsidy
has grown at the rate of about 1 to 1/% calories per decade

T Energy Useffn’the US Food Sv):em," John S. Stewnhart and
Carol €, Steinhart, Scrence Magazma pri 1974,

bl .

Figure 3 -
Labor Use on Farms as a Functnon of Energy Use
In the Food System
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(Figure 4). Their studies also indicate that each addtional

unit of fafp output in the aggregate requires a greater than

propo;monate increase in energy Input {Figure 2). Figure 1

shows energy input to the food system in relation to food

energy consumed in the U.S. As the number of man hours

of farm work has decreased {or as the productivity per man

hour of work in agriculture has increased) total energy input

to the food system has increased dramatically (Frgure 3),

Therr data also show that since about 1960, energy required

to replace each additional hour of farm labor has steadijy

increased.

. Our food and fiber system has had about a 4% annual

growth rate in energy needs, about the same as for the en-

tire nation. .The fncreasa in on-farm energy used from 1950

* to 1970 was 73% (Table 2). Grand total of energy used in
the food system increased 92% in the same period.

About 25% of the energy used In crop production goes
into exports, ' P

Exact increases in yuantities of fuel associated with 10%
increase in production at ¢he margin for any of our.export .
crops are quite difficult to determine and | do not have
good estimates, Clearly, however, these magnitudeswulbte
substantnally greater than the average annual increases during
the past decade if the mcredse in ‘production 1s to come
from increased output per acre’ It will be St‘gnlflcantly
greater than the average requirements pér unit of produc-
won in 1975, z .

Each additional ufit of food production will_require
more energy than the previous unit. This will remain true
until we have either a™uajor breakthrough in technology
which provides more output per unit of energy or we are
able through research and development to create and apply
a large nurhber of small improvements in efficiency of -
energy use.

*

.

’ r
-~ ;{
. Table 2
Energy Use in the United States Food System, Kilocalories
. All Values are
Percent
Energy Use multiplied by 1012 Change
, 1950 1970 ]1950-70
Or Farm :
Fuel (direct use) 1580 | 2320 | + a7
Electricity 29 638 + 04
Fertilizer , 240 940 | +292
Agriculturgl Stee| 27 20| — 26
Farm Machinery ‘ 300 80.0 +166
Tractors '’ 308 193] - 37
Irmgation 50 350
Total on Farm -~ 3034 5261 + 73
Processing Industry *
Food Proce§SIng industry 192 0 3080 + 60
Food Processing Machinery 50 6.0 + 20
Paper Packaging 170 380 | +123
Glass Containers L |t 60| 470 8
Steel Cans and Aluminum 620 1220 + 97
Transport (fuel} 1020 2469 | #1141
Trucks and Trailers
{manutacture) 495 740 + 49
Total Processing Industry 4535 8419 +86 °
Commercial & Home N .
. Commercial Refrigeration
and Cooking 1500 263.0 | + 75
Refrigeration Machinery .
{home and commercial}- * 250 610 | +144
Hdme Re_fngeratlon and )
Cooking M 2023 4800 | +138
Total Commercial & Home| 3773 8040 +113
Grand Total 11342 [ 21720 | + 92

Information was basedupod ‘Energy Use in the U S Food System,” John
§ Steinhart and Caro! € Steinhart;Scrence Magazine, April 1974

\
~

7 Challenges We Fage ' —

Th; Search for Energy Efficiency

These new demands to increase food pro8uction, coupled
“with growing searcities and the certainty of higher prices of
crucial Yetroleum and natural, gas present extiting chal’
lenges to all, of us who produge and deliver scientific infor-
mation. They may be even more challenging to those who
deal in the world of profit and loss.

| sée no way ‘to secure the increased food output we

: must have by replacing today’s technology with out-moded
* production technigues or by giving up the labor efficiencies
secured through agncultural mechanization systems. Rather,,

the mcrease wnll’have to 'come from &ither greater physlcal

. : 27

9 .
EMC T e

inputs or more effective use and management of present in-
puts and new technology. '
We have no choice but to expand our efforts to secure
less energy-intensive methods of production to reduce the
scarce gasoline, diesel fuel, LP and natural gas per unit of
outplit. And we wit have to work on all scientific fronts:

¢ Biological, for example, to attach nitrogen- getting

bacteria to the corn root to reduce nitrogen fertuhzer
requiréments t

This would cut down use of- scarce natural gas.
This alone could reduce the engrgy required for grow-
ing corn by 30:40% (Table

32




~

° ’ ’ L3 .. .
. . .
s» -
H .
* hg M ‘e A
Table 3 . . . 8 .
for Corn Production . ¢ PHysical, example, solar grain drying
. mousa\ﬁd K.Cal/ACRE ’ ., o Chemical, ‘for example, to find improved, lower cost
' : pesticides for use with various crop and tillage systems,
’ . . 1954 1970 , < T
. - . ® Management, for example, to determine more profit
. *  Nitrogen - . 227, "} A able, lower cost combinations of resources of all kin
_D'V'"g ' P 200 " {tillage, drymg, pest management; -machinery, etc.), -
s Machinery 300 420 " for the productlon of crops and livestock o,
Fue! : . 340 340
. Fertitizer, Chemicals, Seed 92 200 This 1s especaany true for large input 1tems such as
Transportation . ‘4 70 A fertilizer, tractor and crop drying fuel whose use may
Irrigation .S 27 34 # ' berelated directly to crop yields. '
Labor hl 8 = 5 , To do this, we will have to increase the manpower n
. Total Input ( 1100 2210 research, prpduct development and’ extension programs at
4L Total Output (Parens = bushels/A.) | 4133 (41) | 8165 (81) -~ +more than an annual rate of 2% or 3%. To successfully
Outputfinput--—---— - 4--3.7- 37 meet the new demands we will have to ddubie, triple or
Source Gerald Isaacs, Purdue Energy Confarence of 1973, even quadruple the‘ resources devoted to energy-related
Purdus Energy EngineeningCenter, page 137, problems in producing crops, especially those for export.
3 - ~
i
o ¢ *
4 , ‘
Conclusions. e -
~
. t.. 9 .
In conclusion, our problem of rebuilding food stocks To do thig we wit have to pool our best brainpower s
and maintaining exports is clear The seriousness of declin- 0. L - .
i t .
. m? pe l:oleum and natural gas supplies and the," "higher 1. Determine which research offers the biggest potential
prices 1s real Both are headline news. The public knows public payoff .
about them and is vitally conc@med. What the pubhc does 2. Recommend pnorme's .
:’:‘ un:erstand s theb m:gnnude off the scuemlfuc:u:ak 3. ’Help the public to understand this problem as well
b fough necessary {0 both increase farm output, and co it ' as 1t understands putting a man on the moon
with less petroleum and rfatural gas They understand still A
less the manpower and cost requured to achieve these break- We will have to articulate these pote:gaals to agricultural
. throughs With public attention focused on food and agri- _ leaders, legislators and congressmen o clearly that they :
culture more intensively than any time in thie fast 25 years, can_secure the support of the generaj public for them. And
nght now 1s the time for us to redouble our eﬁor{s to we will have to formulate requests for additional funding
secure s .support for increased scientific research and ,support in concrete, clear, concise terms acceptable to legis-
b~ educatios, . . N lative finance cdmmittees and agricultural support groups.
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—_— ENERGY CONSERVING UNITS THAT CONTROL ANIMAL . ‘
ENVIRONMENT’ AND IMPACT OF ANIMAL ON ENVIRONMENT : e

L. B. Dmmers, Associate Professor - .

G. R. Baughman, Assistant Professor

" . F. J. Humenik, Associate Professor cT
Department of Biological and Agricultural Engineering

North Carohna State

>

Energy, env:ronment. and equality are among the most

popular terms ever adopted by wirtually every individual in
our society. Production, population, and pollution répresent
> a similar triplet of commonly used terms for fashionabl&.
eonversatuons and also multi-disciplinary research and ex-
tension activities. Ih retrospect, overwhelmlng attention
and emphasis were directed to these areas over a short time

frame and much of the glamor has not yet subsided. How- ?

ever, all-indications are that at least the techmcally based *

topicd will reptesent high pnoruty and femle work areas for

- along time. . ,

Receritly, many opportunities for funded research in
wastt management and energy have catalyzed incréased
activity, and, thus, technological advances. Initially, major
efforts were directed toward chara'merization work and then
state-of-the art investigations which were soon followed by
the development of many simple but necessary solutioris.
Long term commitments to these areas have allowed develop-
ment of many cofmpetent programs integrating expertise
from many discipline areas, which has established the frame-
work for innmgtnve ideas currently being developed asa
result of continuing efforts in basic work areas. It is thus
innovative phase that is so highly sought but is mdkt difficult
_to perceive and expedite. -

Although many articles have beg.n recently- written on
cher .,eonservatlon in agnculture, very httle attention, '
has been digected to energy ramifications of livestock pro-
duction systems. The information dearth that exists con-
cerning energy relationships of various pfoduction systems
makes it difficult to secure background information for
comparison. Currently, research plans on solar energy utibi-
zation for livestock production systems are being invited-
for 8 cooperative ARS, USDA, and state agricultural experi-
rnent stations program {Reece &t 2/, 197%). Basic ob]ec-

KTC | © 134 ‘
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Solar. energy systems torheating and coolmg buildings are
already well developed, and the number of solar heated
buidings is expected to increase to several hundred this

. year. Among the advantages of solar energy is that such
energy greatly exceeds our annual rate of consumption,
is perpetually avajlable the world over, and most importantly
free. Although solar energy has many advantages, there are
several disadvantage.s that have restricted its*use to date,
which are basically- the large collection area needed and
storage requirements. Inherent problems are that solar
energy is diffuse, thus, largeecollector surfaees are needed*
to absorb such energy; and because solar ° energy is inter-
“mittent, efficient slorage is mandatory. The cost of over-

«- coming these two major disadvantages has in‘the past made

solar energy morg costly than fossil fuels.

Total U. S. il consumption 1s 17 million barrels per
day. Gross estimates are that 30% of all oil is used for
automobiles and 15% for all agriculturally related activities,
whereas only 2-4% is used at the farm levél. Introductory
statements in the Cooperative Solar Energy Utilization for .
Livestock Production Resesrch Plsn ndicate that the major
energy requiring livestock systems are: N

(1) poultry, which require 140 to 170 million gallons
. of liquified petroleum gas (LPG) annually for
heating of shelters; P
(2) swing, which cohsume electrical energy requiring ..
about 41 million gallons of oil; ° ‘
(3) the milking phase of dairy production, which ,
uses electrical energy requiring 243 million gallons

. of oil. .

It is observed that if solar energy could be used to replace

50% of the energy used in livestock productigr). about 220 .

million gallorss or about 5 million barrels of oil could be

savéd annually.

Major objectives of this project are:

(1) conduct proof-of-concept studies to determine .
the feasibility of solar enefgy utilization in live-
stock facilities;
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“(2) develop design ggrameters for solar collectors for
* the most econotlc and efhment-use of sotar en;,
ergy in livestack production systems, . T
{3} explore the use of solar enefgy. to facihitate the
handling and drying'o.f hvestock waste. « .
Second generation studies based on imitial tesults will be
develpped to optimize, the use of solar energy In the most .
promising livestock systems. This optlmlzatuon process 13
outlined as. »
{1) economic analyses of solar energy as a substitute .
for convent|on§l energy sources,
(2) development of computer simulation models to

-
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permit study of a Iarg;e number of combinations

. or conditions, .
{3) design of solar energy collection and storage equip-
meng for specific application tq livestock shelters

"and ddsociated waste management systems;
{4) coordination of solar energy usé in livestock pro-
duction with advanced technlques for energy ¢on-~
* servation *
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Ultimatkly: full scale, solar powered livestock production
units will be developed to dembnstrate the commercial
feaslbullty of solagenergy utullzatlon n th?lwestock industry
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The U S. Senate Cominittee on Agricultural an\d Forestry ment, and for space heating of milking facilities Approxi-
in January this year requested CAST (The Council for m%tely one-half of this energy 15 1n mechanical form, de-
Agricultural Science and Technology) to prepare a report on rived from electricity, for cooling mylk.
the potential for energy conservation in agricultural produc- ' The current Cdoperative Energy Research Program Plan
tion. This report, Number 40 dated February 6, 1975, pre- Qbseryes that almost all of the heat energy consumed In,
tedes eaftier report, NOWaber 14 on ""Energy in Agriculture,” poultry and swine production is used at a temperature that
also-prepared by CAST The latest report, ""Potential f&r . can be ,achieved with relatively low-cost. solar coltectors.
Energy Conservation n Agricultural Productiop,” (CAST, "8 Therefore, 1f solar energy utilization werefneoupled with

1975) concluded under the livestogk section “'In the area
of liveStock production, studies of the use and potential .
conservation of energy are generally lacking.”

Substantiai amounts of the grain produced n the Unuted
States are fed to animals Hence, a large portion of the
energy used for grain production directly suppor'ts livestock
production and indirectly hum nutntion. Data’in the
CAST report show that the energy n crop residues of corn,,
sorghum, and wheat is approximately equal to the e,n‘ergy
in the grain, Feed cost-effectiveness and utilization efflcuency“
could be increased by makingmore extensive use of these
feed resources, thus, a number of innovations i forage
and hay handling methods as well as refeeding of manure
have dev%loped in the last few years. .

\Envuronment'al control of animal housing for more effi-
cient use of energy has resulted In improved ut|l|zat|on of
feed and healthler conditions for lwestoqk Annually, ap-,
proximately 3 billion broiler chickéns, ‘l‘l5 million turkeys,
and 300 million replacement pullets for egg production
are reared tn the United States which require heat énergy
for the brooding phase of production. Approximately 140,
to 170 million gall of LPG or the equivalent of abou.t
15 x 1012 Btu .are uséd annualy because about 40 to 50
gallons of LPG are required ,per 1000 birds for brooding.

Approximately 100 million swine are produced an-
nually In the Upited Statgs, which requires about 3 x '|012 /
Btu's of energy for the farrowgg and broodmg phase. This
heat energy Is currently derived frorh both electricity 'and
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o].5 x 1010 Buu's dre used annually 1n dairy pro-
duction to cool milk, heat water for cleaning milking equip-

-30

-

e T

advanced techniques of enerdy conservation and utilization
in poultry and swine produgtion, pmllmlnary' calculations
teferenced In this energy research plan inditate that eco-
nomically feasible systems could be developed which would.
produce ,essentldlly alt U.S. poultry and pork products in-
dependent of petroleum energy sources It |s further ob-
served that the energy consumed in dalry productuon is
at elevated tenlperatures that will require advanced solar
co’ctor technology However, solar collectdts now un}ler -
development using thin-film, selective surfaces, and con-
centrator systems make possmle the wsu'a.llzatlon of solar
energy systéms for dairy production. ’

. Waste management must elso be considered in energy
utifization and conservation plans for livestock production
facilities because waste management has becore an l.n

° tegral component 'o'f the overall system and waste repre
. sents potential energy Wastesmanagement needs are having

significant impact on the design of housmg units as em-
phasns/ls being placed upon envitonmentatl Sontrol for In-
creased animal performance and waste management schemes _
necessitating mcreased energy requwements for ventilation, *
colfection and transport, pretreatment, and terminal manage-
ment Attentlon must be placed on waste utilizatjon rather
than degradatlve pretreatment pursuant to dlsp,osal because
waste represents a vélI8ble resource, whethér used simply
as fertilizer or inputed into more elaborate schemes as
* methane generation, refeeding, and reprocessing. Waste
management systems emphasizing utihzation and, in fact,
land recycling also satisfy the no-discharge regulatory cniteria;
thus, positive impetus for lmplemqltatloh of utikization
schemesexusts.
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The CAST report noted that, “Environmental control of - “ Table1 0

animal housing for more efficient use of animal heat has re-

sulted in improved utilization of feed energy and ‘healthier *

conditions for ivestock. The effort continues to find alterna-
tive ways that may give better energy utidization to obtain

4 Ventilation Capacny, 1963
optimum environmental conditions.”’ F.d —r
v The poultry industry was the first commodity interest Power . .
to recqgnize and seek to change the environment in which Consumed | Total Cost | Cost/bird | KWH/bird )
birds and eggs are produced. Most early efforts in reducing (KWH) 4 .
energy consumption in broiler production were directed House #1 S - .
toward improving the bird and its diet while efforts directed (19Fans) | 34515 } $617.737| 6.47¢ 4| 431
toward housing and assocvated equipment came later In the House #2 el .
» Southeast, the bird and tts enwironment began to recewve ’ s(12 Fans) | 25,304 °| $380.91 a76¢ 7| 39
attention in the late 1950's with the major objective being

to redqce broder and egg producuon costs The basic ap-

proach was to make the poultry house more comfortable

" or desrable through the use of adequate insulation and

controlled ventilation which also allowed_an increate in

_bird density. Through the years, the mﬁor objective re-

mjmed the same,'but various degrees of controlled environ-
ment have been investigated and used . ”
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Layers . .

Theelectric power consumption and costs for ventnlét;on
with layers on the fioor were determined in the early 1960's,
when this wasthe prevalent housing scheme (Dnggers 1965).
Data for two pole-type construction houses with insulated
roof and sidewalls are summarized in Table 1. Housts had
roosts over a dropping pit in the outside sections, and birds

« were allowed access to the floor in the eenter. With the
waterers and feeders positioned on the robst, most of the
droppings went directly into the collegtion pit. Both houseSS
contaiftled about 8,000 birds and total fan capacity was
equal The cost per bird difference sho in Table 1 s

* primarily due to ‘the numbet of fans in each\house. There

“Layers on Fioor °

&Electnc Power Consumption and Cost @ 1.5¢ per KWH
for Total Enclosed Houses with Equ)l Total

-

§nergy consumpuon and costs in a.totally enclosed
caged house w&e investigated in Norgh Carolma as early as
1969 (Driggers, 1971). Power consumption data for the,
housing of 30,555 birds on September 7, 1969, at 23 weeks
of,age through therr laying period uqtnl November 28, 1970
are recorded in Table 2. s . .

- Energy costs of 9 8¢ per b|rd housed (Table 2) vﬁfe con-

sidered reasonable becauseiat that time eggs were 33 to 38¢
per dozen, and it certainly did not takg many eggs to pay
electric power ¢costs. The major cost wés for ventilation,
and yet this represented less than thie vaue of two eqggs per
bird housed. Mechanical Ventlla(luh is apsolute‘ly necessary

wde houses such as this to obtain the requured ar flow
near the-gefiter during' summer months. x s when a com-
mitment s made to place ‘four bird$ n a 12” x 18'* cage,
mechanical Ventilation, i essential, "

Energy costs for commercial layers In three types of
houses 1n Narth «Carolina were fater ,studied to compare
both cost-and performange of commerclil layers grown jn
different type units (Driggers and Harwoold, 1971).

» Amechamcgily ventitated unit (House 1) evaporatiyely
cooled unit (Hbuse #2}, 4nd a conventional Cahifornia-type
d laying house {House #3) were evdluated. House #1°*

) - - - s o, .
' . , Table 2 R i’
D * €, Caged Layers( o v . .
= N sy ¢ N
+ " Electric Powet Consumption and Costs @ 2¢per.KWH for Totally ’}6» *3,""
Enclbsed, Automated and Mechanically, Ventitated House, 1969 Bl
Equipment for House #1 Power Consimption | .. ° CO“’@ 2¥/KW- ,lm
{Mechanically Ventilated) KW-HRS - Total. - . [Per bird housed
Feeders & Egg Gatherers T 15160 *  $303.20 09923¢
Fans . 68,280 .. > 1365.00 Y 4.4693¢
Lights : . ' 38980 . . 77960 4 T | 2.5514¢
Pit Cleaners 27,060 . 541.20 B 1.7712¢
.\ Total -. . . 149,480 ) $298960 ‘¢ .| of  o78aze
+ . 0 R 14 a
. “ 3 o
E N C .30 . ,
T - - . ’ ‘ ‘
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¢ __ nomical production unit. In fact, mechanical ventilation under heat. Therefore, cost or kilowatt hours indicated
.. ' d
: . K + Table3 ‘ ‘ . R
Commercial Layers ‘
-~ ’ 2 ‘ b
. rformance in Three Types of Caged Houses for Absut ™ ‘
*A One Year Laying Period, 1970 -~ :
< {House 1) t(House 2) ,{House 3)
- 5 Mechanicajly Evaporatively ° . -
Ventilated ~ Cooled Conventional
“ﬂ;)ﬁ“ . , Farm B / + Farm A _ ~ Farm A
fpst per dozen eggs produced* A . i :
" Feed . ~$155 $.157 $.164
Labor . 011 .015 > .035
Miscellaneous A 004, . 009 a3
" Hen depreciation : .069 - .083 .092
- Ovgrhedd -~ 031 032 .007
Total $770 $ 206 831
= * Number hen houses ) 30,565 30,945 13,305
Percent lvability 816 774 64.5
Eggs per hen housed - 190.3 181.0 167.9
_ Feed per dozen eggs (1bs.) <t T3nms “3 905 3951
- } ndergrade eggs (Percent) 6.7 " 134 1.4
Qo \ 32 :
ERIC - n ’
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was, the one previously studied and reported on in Table 2.
House #2 was identical to House #1 in construction and
equipment, except that this unit was equippell with evap-
orative cooling. House #3 was a 10’ wide dqonyentional
cage laymg unit With curtain sidewalls and no m;dwamcal
ventilation, automatic feeding, or]egg gatherersﬂHouse #3
had no nsulation, whereas House #1 and #2 we cledr span
structures with urethane insulation In both the sidewalls
and celing Both House #1 and House #2 had mechanical
pit scrapers for manure removal Houses #2 and #3 were
located on the same érm, while House #1 was located In
another community . ;

Total costs for the three houses are summarized sn Table 3 .
with energy included in overhead. Data indicates that more
eggs were produged per hen with a lower percent under-

ventional house, high in-house humidity during the summer

period resulted sn very uncomfortable conditions. Results of )

this study were very instrumental in directing efforts in
North Carolina toward totally enclosed mechanically vepti-
lated livestock production umits as the most cost- -effective
in spite of the additional energy inputs because of Incgeased
production resulting from the coptrolled'mrhouse environ-
ment. Even though there are no comparisons or replications,
this background type data shows that_high density, totally
enclosed mechamcally ventilated houses represent an eco-

”
“Ifay be more economlcalam\most,cases than Wa"ed

conventional house because production generally declines
”

in either extremelycold or hot weather, and thus fluctuating

egg production 1s ehminated

SHAHELES O

" 151969 work was initiated by Driggers in North Carolina
with a commercial producer to modify an existing building ~
for caged brooding of chicks At the time of this study,
caged brooding was n its infancy, and thus the major
Interest .was to secure background data A mayor reason for
caged brooding 1s that birds that will be fayingan cages
should be brooded 1n cages, and also a unit of tabor can
manage more birds in cages thap on the floor ldeally, the
study unit was not the best but 1t was one of the first to
be constructed in North Carolma The house was converted
from a floor system, and he approximately “3/4* of styro-
foam in both the walls and ceilings was not sufficient for a
house requiring a brooding temperature around 90°F Add-
tional fans were installed, and the production strategy
cr)ang'éd from approximately 15,000 birds on floor to about
25,000 chicks 1n cages. Additionally, an oil-fired’hot water
circulating system for heat was installed over the cages. .
Waste does not have to.be re ed daily by the pit scrap-
Ing system because of &y?nan'tled quantity produced by
baby chicks. )

En:e;gy costs for this house represent background infor-
matign for this brooding methqd (Table 4) ™ Fuel data was
not available so fuel costs are not inctuded in the column

e




/ - " Table 4 . i
“ Caged Brooding N .
/ s Electric Energy Corfsumptlon and Costs for 25,000 Chicks, 1970
4 -
JFlock™ s Power éonsumptlon (KWH) ' w Cost @ 2¢/KWH
Period Fins Feeders Lights Heat Total .| Total Per 1000 Birds -
1/0-3/70 1033 233 * 2558 979 4803 $9606 |- s3sa |
3A0-5/70 2084 286 1861 638 * 4869 97.38 3.90 |
. 5/70-1/70 2138 199 %1 1820 79 4228 84.56 3.38 y
7/70.9/70 2944 236 1872 57 5109 102.18 . 4.09
12/70-1/71 738 198 2173 871" 3980 79.60 3.18
{ I ) \, -
under heat is strictly for thiﬁergy“requued to ope;ate the Table 5
boiler burner and circulate hot water thiough a piping sys- Broilers

tem over the tages. Birds 1n tus house were brooded for
apprommately 9 weeks and then removed to a grow-out
' housebefore being placed in a Iaymg house at approxmately
20 weeks of age. . .
The fuel costs would certainly have been less in a totally
- enclosed house with proper (nsulation. However; the electr)-
. cal'energy costs per 1000 birds was judged to be reasonable,
although tota! energy costs o’unng cold periods would be
higher due to fuel requuements which could not be evalu-
ated |n thls study {

B:oulm

Today the use of énvironmentally modified housing in
the broiler industry lags similar advances in laying units by
some 5 to 10 years. Tests were run during 1973 and 1974
at NCSU to examine the influence of housing techniques
on energy consumption for broiler production {Baughman
et al., , 1975). Two, 36’ x 96 houses were investigated. One

- unit was a conventional uninsulated house with dropped

curtain sides. The other' unit was enclosed and-insulated- ~

resulting in an averagé' roof and sidewalls “R’ value of
approximately eight and had thermostatically controlled
" fans. Both houses had identical feeding and brooding equip-
ment. The dirt floors in gach house were dmded into four
equal pens. .
4 T8 date. three trials with broilers havesbeen completed,
’ and one trial with turkeys is underway. Broiler data for
. average body weight, feed conversion and mortality are
summarized 1n Tables 5 and 6. This data summary for the
- ;hree trigls indicates that statust:cally significant differences
in average body weight, improved Yeed conversion and fow-
ered mortality can baexpe: in environmentally modified
houses. The following gain® in performance per 1000 broifers
would be’ expected based (pon the wals documented in
these studies:
1. 140 pounds more hve broilers produced per 1000
chicks placed.
2. 130 pounds less feed consumed ber W00 chicks
. placed.
3. 8more broilers marketed per 1000 chicks placéd.

5 -
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" Performance Data for Conventional Versus
Environmentally Modified Housing

{Density .73 sq. ft./bird)

. (4572 birds/house) T
?T' Average . ’
Body . eed‘ Mortahity
. Weight Conversion o

Trial 1— Autimn ' \ e ‘
Conventtional House 4.34 2,16 3.45% .
Environmental House | 4.34 196 2.79%

- LI »

Trial 2 —\Winter
Conventional House 3.53 214 3.50% .

" Environmental House |. 3,78 /109 2.76%

Trial 3— Summer T — .
Conventional House 435 | “2.02 3.00% .
Environmeotal House 4.54 2.90/ 2.40%, .

N N )
Table 6

Performanoe{Sumrnary for Conventional Versus
Environmentally Mogified Hffiksing

’ Summary of Trials-1, 2 and 3 '

{Density .73 sq. ft./bird) .

. (13,716 Birds)
Average Feed ~

® |Body Weight|Conversion Mortality
Conveotional House 4.08 2.1 3.31%
Environmentally <&

Modified 4.22 1,98 2.55%

3
Complete'energy records were maintaned for Trial 2
which started February 5, 1974, and Trial 3 which ended
on August 9, 1974, The birds in both houses were fed

idehitical. Z&a s.and were at the same densities. Energy
consumpt nd cost, projections are shown in Table 7. /
. . .
-~ ] Ad
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— Table 7 N Results for the last two trials are shown in Tables 8 and 9.
g Bmergy Costs . . About 4500 chicks were started in each higuse fonEnal 2

As of September 15, 1\975

LPG (40¢/gal )

0.4362¢/1000 Btu

"1 7309¢/1000 kca!

. during the late wintes-early spring, With the winter 0f"1973-
74 being milder than usual. Live weight production was
16,170 Ibs. for the cohventional house and 17,268 1bs..for
the environmental house, resulting 1 over 1000 pounds

5

2

Electricity (3¢/kwh®| 878¢/1000 Btu |{3.4863¢/1000 kcal 00 b
more meat ton 200 Ibs. less feed and galtons less LPG
Feed (7¢1b ) 1.176¢/1000 8tu |4 667¢/1000 keal for thé &wvironmental house Although the eléctric fequire-
Y
- Table 8 '
. ‘ . ‘ Broilers ’
Energy Consumption ’ .
L Thal2 . . -
Conventional House {16,170 pounds of bird live weight) -
Amt, 6 Energy Usedk | Btu " keal Cents % Total |
cal _ — paeldid
Used tu Mithons !b' b* 'b.A. »| Energy Cost
LPG 700 gat—{~~ 64 16 3969 1000_ 1.7316 10.2%
Eletct 1430 kwh 5 1 302 76 .2653 ~+1,56%
Feed 34626 b 206 52 12746 3212 14,9896 88.24%
’ | s . 69 17017 4288 16.9865 100.0%
L i EhvirBnmental House (17,268 pounds of bird.live weight) J - v
b N Y
At 8t Engrgy Used kel +.Btu <} kel Cents % Total
u o - c —_— —_— —_ i
Used Millions b* b* . b* Energy Cost
LPG 400 gal 37 9" 2124 535 9265 - 6.0% .
Elect 2933 kwh 10 N 3 579 - 146 .5095 3.3% N
Feed 34434 1b ' 205 52 11869 * 2991 13.9586 90.7% R
252 64 143 . 3672 15,3946 10070%
*Per pound of bird 1ive weight * . .
’ . Table 9
J " Broilers -
" Energy Cogsumption :
‘ Trial3 - . / ~
. Canventiondl House (18,911 pounds qf bird live weight)
Energy Used - - b .
Amt. s ke | B | ke [ [T % Towl
Used Mltions b, b* pr | Eneray Cost >
LPG 136 gal 12 3 ° 626 158 2734 1.87%
Elect 1129 kwh « 4 1 194 49 .1708 1,23% -
Feed 40290 1b 240 60 12044 3035 » 141643 96.9%
' 256 64 ' 12864 3242 .14,6085 100.0% N
) { Environmental Housé {20,753 pounds of bird live weight)
) . N Amt. - Bufnergv Useiw Bu @ Cents % Total
[~ Used . Miions * ° lb*. Ib* Ib* Eperay Cost
PG |  89gal 8 2 393, 99 715 | . 1.16%
" Elect ’ 3983kwh | . ' 4. 3 655 . 165 ~ .5751 3,90%
Feed ™| 414861 - 247 62 _ 11899 2998 13.9932 94.94%
260 [N 67 12947 3262 14,7308 100.0%
/*Per pound of bird tive weight . .




__ments were higher for the envirbnmental house, the total
gy used was less for this unit 1t 1s notew; rthy that
feed costs are a full cent per pound.of bird predg::ed less in
“the environmental house Thus, environmental houses show
g‘reitest advantdges during cold periods due to less LPG
“consumption and better feed conversion efficiencies.
Data for Trial 3 {Table 9) c‘bﬁducged during the summer
showed that the convemlonal house had a lower energy
cost per pound eof live blrd but the difference was much

more large swine operanons of 100 SOWS o? more than any
other state in the nation The Swine Development Center
at the  Upper Coastal Planf}Research Station 1n Bocky
Mount, North Cardlina, provides an’ excellent facility Yor
demonstration of a total swine program emphasizing en-
vironmenta! control Thus swine center 1s umqué in that it
1s 3 cooperative effort of the‘D;Wesearch Stations,
N C. Department of Agricuftyfe, the N. C Agricultural

Experiment Station, and the N C Agricultural Extedision

3

less than for the golder period trial. Average energy data for Servnce and parncularly ;h'at 1t1s operated as a commercia)
Trals 2 and 3 (Table 10} show t average costs for the swine producnon facmty (DMggers etal, 1973) .
environmental house for bot arm season and cold Complete production ard financial summaries have been
season periodare sull over a half of a‘cen? per pound less printed (Stanislaw et a/, 1975), and tHds the emphasis in
ectncalrgquuremems foi the environmen(fal house aré over this summary will be on electric energy and fuel Heating
three times greater tian the conventional fans An overall cos’tsﬁ totally enclosed 16 cfite farrowing house and
net enesgy savings Is achleved with the environmental hpuse the t enclosed breeding-barn, which accommodates 18
with consistently farger conservation of feed and LP gas, sows_dnd 9 boars, were equipped 1n April 1874 to measure
along with the opportunity to produce more chickens per _ the tlectrical energy consumption in the two buildings
housing unit, . ) The farrovling, house, 1s well insulated and mechanically
It 1s interesting to, note that in Both tests and both .  ventlated A®fan at‘ogeoend of this unit 1s used for under-
= houses, the main and most expensive sourse of energy s floor venW_anon, while;the sidewall fan 15 ¢fed during
feed This implies that continued effort should be directed warmer seasons when edchtional airflow s required (Drlg-
at more efficient feed conversion and us{m; as |ittle feed as gers, 1974). Durifg the winter, this buildidg 1s heated to
possible for heat energy td” maintain body temperature approximately 70°F wigh a warm awr furnace. Supplemental
' N heat*lamps are provigéd in the pig creep”areds. Duritg the
¢ Swine * ’ . mer, flexible ducts are attached to the metal branch
A revolution 1n swine production has occurréd in the ucts and a cool stream of condition®d air 1s direcfed into
Southeast during the last five yelrs North Carolina haé the front of each farrowing crate This zone air-conditioning
) - ° -~
0 ) - , . . .
- . Table 10 —° .
, Brotlers o v % .
4 4
- «  Averaged Energy Consumption ‘. 4
. ' for ‘ ;o
" . Tr|alf2 and Trlal 3 v
Cc'ﬁwennonal House (36,081 pounds oﬁbud live weight) S c
E j Ny
. Amt. ‘\14‘9'9‘-’ Use“’( | 8t keal® | . Cents % Total
] tu ca -
Used - . - Energy Cdﬁ
4 \ Mitlions Ib q b . b . ;
LPG . 836 gal 7" 19 2124 535 9268 | . 5.9% -
Elect 2559 kwh <9 2 % 2ai ®1 L | L 27 1.8% .
Feed 74916 1b 112~ 28 - -~ T 784——1 14 5343 92.7%
. , ke * ) | 4
- ) . 198 49 6480" - 1380, 15.6738 1000% . [*
‘ .. Environmental House (38,021 pounds of bird live weight)
L3 = T = -
: Amt, o Energy Usez By keal ~Cents * % Total
Used tu cal - ° A . °y Ene Cost
) Miltigns- b* b Ibt.
‘% LPG 489 gal 45 A 79 - 297 5144 34% .
Elect 6916 kwh , 24 6. * ©20 156 .5457+" 36%
Feed ~ 75920 tb 114 29 2995 . 788, 139775 930% ¢
183 46 4794 | ' 2 15.0376 100.0%
T ©
‘Per pounde"d‘hve weight - . p I . ': i 5
N . v 35 R
\‘l Y -~ . .

o
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system is intended to envelop the sow in a cool stream of
alr rather than cool the entire inside of the farrowing house
A 2-1/2 ton air-condjtioner is used.’ <

" Results for the initial 12-rhonth period represent back-
grotind data, which must be viewed in light of the fact that
this total production facility has returned a contmuous
profit since being placed into operation. Additionally, cost-
effectiveness data derived from this pilot unit has been
duplicated both throughout North Carolina and around-
the nation. SSee Table 11)) : L

Table 11

Swine

*  Electrical Energy Consumption In An Environmentally
Controlled Farrowing House and Breeding Barn

~’

Energy Consumption Ratio ~ KWH/Production Criteria

Farrowing House Breeding Barn
Critena | 15021 Energy = 28018 KWH| Total Energy = 19703 KWH

- 88 8 Sows 315 KWH/Sow 229 KWH/Sow

202 Sows . h
“Farrowed| 139 KWH/Sow Farrowed 91 KWH/Sow Bred
o

1943 Market ..
Hogs 14 4 KWH/Market Hog 10 KWH/Market Hog

-/

Electric energy consumption in the farrowing house for a

" Production

" 12-month period was 28,018 kwh During this period the sow

herd averaged 88.8 pigs, farrowed 2.27 litters per sow for a
total of 202 sows farrowed and 1943 pigs marketed. Thus,
electrit energy cohsumption can be expressed as 315 52 kwh
* per sow in the herd, 138.7 kwh per sow farréwed, or'14.42 _
kwh per pig. sold. The most meaningful figure is the 14.42
kwh per pig sold. Th% figure can be used to arrive at the
total energy cost per pig soid at the local rate of 3.8¢ per

o kwh or extrapolated to determine cost at a particular site.

This energy requirement is judge@to be most reasonable
because supplemental heat s generally provided in these
type structures; and if insulation 1s not adequate, larger *
amounts of heat per pig would be required. The cost for
LPG to operate the furnace tn this building has dramatically
increased during the last year, due to a doubhing of costs

~Waste ManagemenY

Waste treatment and energy consefvation have become
uninticipated synonyms which are ghmlng accelerated atten-
tion from both the generai public and trained professioffls, .
Tw’ forms of energy-rich materials in animal waste are
Jitrogenous and carbonaceous compounds. Recently the
"new technology’’ of using animdl Jaste as a fertilizer was
reintroduced and has since gained wide acceptance. The
conversion of waste org'anics to methane gas for subsequent

b
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from $194.88 in 1972 and $152.99 n 1973 to $424.841n
1974. »

The breedmg barn was des1grmn basis of expefience
with air-conditioning in.the farrowing house. Hlstorlcally,
this component has received the least aftention, but actually .
is one of the most important in the total production cycle.
When sows are farrowed continuously, 1t s impossibletd -
circumvent reduced conception during hot weather per|5ds.
Improved performance of the breeding herd has resulted in.
conception rates of 90.4% in 1972, 87.2% n 1973, and
93.3% in 1974. Therefore, for the past three years the con:
ception rate of this herd has averaged.90%. Most commer-_
cial producers would be extremely pleased if such a rate
could be achneved on a'continuous basis. Power consump-
tion in the breeding barn for the previously presented herd)\
statistics, based on the electric consymption of 19,705 kwh,
may be expressed at 221.9 kwh’ per sow in the herd, 90.81
kwh per sow bred, or 10.14 kwh per pig sold.

The energy consumption of approximately 10 kwh per
pig sold 1s not an_unreasonable figure If conception rates
of over 90% can be maintained. Net farm income can be

\

increased by approxlm'ately $7700 for each 10% gain in

conception rates based upon a $40 hog market, corn at $3,
per bushel, and soybean oil meal at $8 per hundredweight -
for a 90 sow herd. Therefore, a praducer can afford to
spend up to $7700 per year to ensure a 10% increase in the
conception rate. This expenditure may be annual fixed or
operating costs for better btéeding, facilities, methods, and
management required to obtain tiﬁ'e increased conception
rate {Driggers, 1975; Driggers et al., 1975).

Although the energy consumption figures obtamed‘for
the environmental control units at the Swine Development
Center may not be typical throughout ‘the indystry, they
are representative “of*housing systems rapidly gaining pro- .
ducer acceptance. Additional field studies are needed at
commercial enterprises so thatymeaningful estimates can
be made of energy requirements and cost benefitgafor
thus type livestock production unit. Data retrleved 0 date
refutes many myths concerning the cost of contro“od en-
vironmental structures, and thus, Driggers stresses that the
question 1s changing from “Can | ‘afford to control %
environment?”’ to ""Can | afford not to control the environs,
ment of a livestock production umt?': -~

‘
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utilization represents an energy conservation scheme com-
monly practiced at sewage treatment plants where sewage _
sludgé i1s anaerobically degraded to methane and carbon
dioxide. Manure refeeding represents an exciting potential
for direct recovery of waste nutrients. Production of single-
cell protein, chemical extraction of nugrient rich matenals,
and even more exotic processes, such as conversion to oil,
gastfication, and reforming to building material ture public
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attention. However the principles or concepts used in ‘the
treatment and utilization of waste ate generally well

lished. Additionally, 1t 1s pecomlng apparent that a hlgher
level or type of technology -must be empioyed to first seek-
solutions for pollution-related problems, and second to
recover appropriate constituents of animal waste for reuse.
It 1s the application of these fundamental principles to this
new starting material that 1s leading to a wide variety of

t simple and innovative technologies.

Utilization Alternatives —

The simplest utihzation scheme 1s to use the waste as it
-exists or, at some diluted state Two further alternative
processes are separation and conversion, both of which
are dependent on constituent concentration for recovery
efficiency PR

The most practical and cost-effective waste managemeng

scheme may be to circumvent pretreatment alternatives by
direct land apphication using either mechanical techniques
or animals on basture. As an example, consider a 100-cow
dairy which returns all of its manure and wastewater back

10 soij-cropping systems. Assumptions include that 50% of

the nitrogen and all of the phosphorus and potassium in
defecated manure from 100 cows Is available as crop fert:-
lizer, and commercial fertilizer costs are about 30¢ per pound
of nitrogen, 15¢ per pound of phosphorus, and 10¢ per pound’
of potash. Additionally, a 100-cow darry would generate
1,916 tons of fresh manure per Year which would contain
22,995 pounds of nitrogen, 5475 pounds of P,O0g and

©20,B05 pounds of K70. Based on these assumptions, fert-
hizer nitrogen would have a value of $3,450, phosphorus
$410, and potash $2290. Thus the total potential fertilizer
value for manure generated by a 100-cow dairy per year
would be $6,150. Obviously, the real chatlenge would be to
make optimum utilization of all of these fertihizer con-
stituents.

A recent paper on the utilization of manure from Texas
(Sweeten et al., 1974) reported that the demand for feed-
fot manure in the last 12 ‘months has reached an all-time
high as a result of fertilizer shortages. In 1973 when Texas
reached its peak feed cattle population of 4.4 million head,
most of the 4 mitlion tons of manure produced, plus carry-
over from previous years, was utilized on cropland by hngg,
plains farmers. Today ‘w‘h Texas feedlots operating at
only 56% of capacnty, it is reported that nearly all manure
is being handled on a steady-state basis and some even have

+ a tyacklog of orders.

Although manure has fertilizer value, ahd thus represents
an energy source, a considerable amount of work is re.
qurred to collect, stockpile and dlstnbute animal waste.
Collection requirements are estimated by Sweeten et a/., ta
be 40,000 Btu per ton based upon observed machine
operating times and fuel consumption rates. The amount of
energy required to haul and-distribute manure ranges from
80,000 Btu per ton for a 5.niile distaficg,to 120,000 Btu per
ton for 10 miles. A summary of this data on a state-wide

Aruitoxt provided by Eic: . .
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bas:smdu:ates thatwhile the per acre energy saving 1s signifi-
cant, only 400,000 acres of land could be fertlhzed with
feedlot manure in Texas, which would resultan a total B
savings of 1.8 x 10'2 Btu/year. The estimated total energy
for production and distribution of all fertilizer used in
Texas is about 52 x 10'2 Btu/year. Thus, the energy saved
by using manure 1s only about 3.5% of the totai fertilizer-
energy requirement of Texas. Nev’ertheless, manure can
represent a significant energy saver in localized areas and
such terminal management minimizes treatment costs while
complying with the most rigorous regulatory criteria.

Separation Processes N .

Waste s\eams composed of many componemts may have
a higher value 'f a certain fraction can be separated or re-
moved for further processmg This separation can be con-
venlently subdivided into physical and diffusional opera-
tions depending upon the directive objectives. Physical or
mechancal separation has been apphed to animal waste
slurmes using several appropriate unstsprocesses. Basically,
the end product is the solids or heavy fraction of the waste
inbut. Selection of the proper separator depends upon the
desired product. -

Liquid dairy manure solids have been separated and
utilized to produce a fibrous buildi rd type material
with varlous degrées of moisture By. Fati
tweén the Biological and Agrucultu
Forestry Departiment at NCSU. Dairy solids can be used in
processes which tolerate momure/contents of 85% or more,
such as diwrect 'refeeding with ensiled feed or wet process
structural board. If these solids were dried, then a wide
spectrum of technologies-could be investigated that range
from particle board to fireplace logs. o

Ammonia hawbeen stripped from waste solutions by ion
exchange and diffusion. Both processes rely on high ammonia
concentration and yield a much more concentrated fertilizer
product. Basically, the goal of all separation processes is to
selectwely remove waste constituents with the hnghest in-
trinsic value, Waste organics may be considered”more care-
fully asvcon(pemlon for fossil fuel and natural gas becomes
kegner. )

Conversion Processgs

Often it 1s more advantageous to use chemical or bio-
logicyl conversion processes instead of phase separation for
produgtionor removal of utihization constituents. Biological
conversjon processes*are most often used due to tHe large
microbigl populations naturally present in animal waste and
because many of these reactions proceed without requiring
elaborate controls.

Biological conversion processes vary considerably in re-
actor sophistication and operating requirements. The anaer-
obic stabilization of organic matter with subsequent produc-
tion of methane is one of the simplest, naturally occurring
processes. Methane gas easily separates from the liquid phase,
thus yielding a usable fuel. If this process occurs'in a lagoon,
the gas produced has been shown to be of good combustion

quality because the methane-carbon dioxide ratio is very
. o ,
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similar to sludge digestor gas. but production rates are very
low. s

Gas prBducnon at the optimum mesophilic range of
about 98'F s about 15 umes that for uncontrolled anaer-
obic lagoons receiving swine waste Heating may be accom-
phshed by solar radiation or by recycling 10 to 20% of the
produced gas for fuel Results for a solar stll type metfane
generator at NCSU (Parker et al., 1974) operating in the
mesophilic range for the fermemanon. of swine waste have
shown that about 25 cu ft of methane can be produced per
day when this 500 gal reactor 1s Foaded on a continuous
basis with the waste from ten 100 pound hogs 1f we assume
that the United States, per capita use of natural gas s 60 cu
ft per day, this reactor could supply about 40% of the daily
individual needs Current problems with the bioconversion
of animal waste to metharte are the hand!ing and subsequent

\

utihization of this gas

Two fundamental drawbacks which restrict the use of

methane 1s that it has a refatively fow energy value of 7600
Btu/gal , and nearly 5000 psi are required for hiquification
and thus easy storage. For companson, propane, which
has a Btu value of 92,000 Btu/gai., liquifies at around 250
psi Consequently, large storage requiregtdnts are necessary
for methane utilization At 25% compressor efficiency it
would take approximately 1320 Btu to compress 25,300
Btu of methane gas to provide, 6,350 Btu of energy value
Clearly this sytem s not very efficient because 21% of the
resulting work energy 1s required for compression, while 75%
of the available energy ts lost aslheat.

Methane has been used n tractors and automobiles. Gas
botties carned by such vehicles are often about 5’ long by
9" indiameter {1 9 cu ft ) charged to 2800 psi, so that about
420 cu ft of methane is carried for the equivalent of about
3-1/2 gallons of gasoline The most efficient use of methane
would appear to be in stationary heat engines located near
the point of generation, such as compressors or generators.
Two major reasons for this approach 1s that the engine's
waste heat can be recirculated in digester coils to augment
methane production, and gas can be used directly as it 1s
produced, ehminating the need for storage Correspondingly,
the most efficient contemporary use of methane gas Is at
sewage treatment plants which use 1t as a fuel for internal
qombusuon' engines that provide auxihary efectricity and
waste heat s utilized to maintain dnges(er;(emper-a(ures at

el o, A Y
‘(he optimum mesophylic range

Many claims exist concerning energy potential of degrad-
ing hoth animal yaste and alt organics to methane gas. The
publication entitled Methane D/geste¢s for Fuel Gas and
Fertilizer (Frye, 1973) sthtes. [‘So speaking generally,
methane gas converted from easily available organic waste
could supply about 150% of the gasoline energy used by
all U.S. farm equipment (1965), 7% of the 1970 natural
gas energy, and 2% of the tatat 1970 U.S. energy demands.”
This publication also indicates that the average per capita

daily natural gas requirements of about 60 cu ft could be .
- obtained from 10 pounds of chicken or pig manure per day,
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which 1s the equivalent of about 7 pigs and 100 chickens.
However, results of NCSU studies indicate that the waste of
about 25 hogs would be required to produce this amount
of gas. Nevertheless, somewhat corroborating calculations
have been presented in a NCSU engineering periodical that
if all waste produced in the US had been gasified, 700
bilhion cu ft of methane would have been produced. This
1s equal to over 3 billion gsllons of gasoline Bfn to keep
things In perspective, this would only be 3% of the U.S.
demand of 22 8 trillion cu ft of natura gas

John Shyttleworth, editor publisher of The Mother Earth
News in a December 1973 news release said, “'All we're
doing’ with our digester #y speeding that cycle up from a
time span of several thousand’ years to one of only 30
days or,so Better yet, we don’t have to go exploring to
find our pool of energy. We can keep 1t right in the back-’
yard and tap i1t any time we want.”’

Shuttleworth further states in this newsletter that ‘' You
can have your own methane generator in operation even
before the first commegcially manufactured units are mar
keted Apyone with average mechanical ability should be
able to follow these plans arid put together his own methane
maker from salvaged parts This will cost anywhere from
$15.00 for a unyt that produces enough gas to cook one
meal a day to $3;000 for a system which will generate
epough gas to run an entire household . heat, gas, lamps,
refrigerator, stove, the works.”’

Converse (ASAE, 1975) redently stressed the need to
look -at the net energy retrigved from manure utilization
systems rather than only gross energy possibilities Assum
1ag that about 45 cu ft of gas a day could be produced
from the waste of a 1000 pound animal; the Btu equivalent,
would be about 0 23 gal|9ns of gcasolme per animal per day
and for 100, 1000 pound cows, about 23 galions of gaso-
hne a day‘

A 1000 pound dairy cow produces about 86 pounds of
manure a day Probably an equal amount of difution water”
is needed to attain a slurry that must be heated from40°F
to 95°F which requires about QB00 Btu or 008 gatlon of
gasoline Therefore,_ gros’s ensrg;l 1s now down to an equiva-
lent of 015 galton of gasoline, per animal, and some addi-
tional energy s requ‘Ired to pumhe water,,mix the reactor
contents, and transport wastewater. -

A 100 hp tractor needs about 1600 cu ft of gas at
atmosphenc pressure per gperating hgur. {f methane from
manure (s compresssd_(o 300 pst and pBt into an 8 cu ft
tank common on sost tractors, this tractor would run
about one hour. Therefore, a 100 hp tractor running for 10
hours would require the daily gas production from waste of
270 to 675 cows, depending upon net energy retrieved.
Certamly,’lwestock wastes are an energy source and as fossil
fuels dwindle, it may be a valuable aﬁemanve if the ugh't
engineering research is undertaken now.

Refeeding < N

“Wastelage"” derived from the efsiing of ground grass
hay and manuré has been successfully fed to brood cows,
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and for several years a whole corri wastelage ration has been
fed to finishing slaughter steers at Auburn University Latest
, reports are that 1t 1s an honor to attend the annual recogni
tion banquet featuring the best steaks in the Southeast

.
-

Researchers with the Virginia and Michigan Agricultural °

Experiment Stations have been studying the suitability of
pouttry waste for refeeding One of the nations’ large beef
cattle feeding companies rgcently began to include substan
tial portionsof feed derived from cow manure 1n the normal
diet of its herd The U. S. Depa%ment of Agriculture esti-
mated that the recovery of only one third of US animal
waste for use as feed would produce as much protein as
1s contained in this country’s total annual soybean crop
A group of engineers 1n Texas recently concluded that
refeeding offers the maximum potential fo{energy savings
among waste management afternatives presently available
In therr state (Sweetén et al, 1974) The energy saved
by refeeding one ton of feedlot manure was ]udged to be
equn?gent to the energy required to produce one ton or
. 1/6 acre of alfaifa in the western high plains area, less the

-
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i - Total Systems Approach .

Waste management principles developed over the last te;
years at a North Carolina State experimental swine unit
have served as the basis for systems which emphasize utili
zation by terminal land recycling Basic unit processes are a
primary lagoon with a floating aerator for odor control by
surface agitation and increased pretreatment, a secondary
lagoon sto;age pond, and an irrggation system for wastewater
recyleing or land application These pringiples have been
implemented at a 300 sow total confinement facility on a

#20 acre site adjacent to a new furniture factory and asso-
ciated development The original 1 1/2 acre lagoon was
overflowing when this producer consulted the unversity
Upon finding that only about four jcres we‘re‘avanlable for

. terminal land disposal, he was advised that much morg land
was requyred for a no discharge system However, because
additional land was not available arid a large investment had
already been made in production facilities, a demonstration
project was initiated. The total treatment system consists of
partially slatted floors which drain to a lagoon, with two,
5 hp floating aerators for odor control by complete surface
agitation with overflow to the original 1-1/2 acre lagoon.
Additional pretreatment 1s also obtained by'overland fiow
of wastewater pumped from the second lagoon to a 0.6
acre area which slopes back to this (agoon A mangally
operated permanent set mxgatnon system 15 used to return
lagoon water to the ynderfloor pits for more positive clean
ing and hquid. precharge as well as terminal irrigation to
the 3 3acre recewver plot Acceptable no discharge 1sachieved
with this extremely small terminal application acreage be
cause of the approximately 98% mt»rogén removal achieved
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energy required to preprocess the manure. Importantly,
freshifRgollected feedlot manure would not have to be
pre-dried to allow refeedmg at the 5% level recommended
85 optimum when using manure as a substitute for roughage
rather tharmgrain. Utilizing manure for refeeding would resuft
in more frequent collectioh and thus reduce odor pgtentfal.
Feeding manure to range cattle could also pro;nde the
vehicle for ultimate disposal on ph;tu?es in contrast to the
continuing need for terminal disposal with feedlot refeed-
Ing programs. 3
Symbiotic activity of algae and bacteria in controlled
reactors allows maximum conservation of waste components
because end products of bacterial metabolism are incorpo-
rated into algal cell mass by the photosynthetic energy
trapping mechanism of green plants inTaiwan, for example,
the rqofs of animal production’ units are used for algal
propagatign with manure-laden wastewater as the culture
medium. “Effluent water which trickles/mto the cotlection
gutter is recycled as ,washwater' for this closed loop reactor.

in the aera\ted.umt whtich 1s gratifyingly” much greater than
our fondest expectations. Excavation and equipment costs
for this energy |ntenswe'szstem during 1974 were about
$11,000 and current. operating costs are about 50¢ per
feeder pig sold or about a penny per pound of product
{Humenik et al.» 1975},

The undercage waterwash and overland flow treatment
system for caged layer wastes beyng investigated at NCSU
(Overcash et af, 1975) represents an alternative to energy
‘intensive systems for aerobic pre}reatment and terminal
waste management Wastewater from the undercage washing
system is aerated and thus stabilized by natural flow over
grass terraces. Effluent-from these terraces discharges to a
small lagoon which ovefflows into a large reservoir from
which washwater 1s pumped with a low capacity pump to a
storage vessel. Washwater energy i1s obtained from elevated
syorage* tank discharge, rather than direct pumping which
would requirea much larger hp motor. Thus, this waterwash-
aerobic pretrdatment system empha@?es energy conserva-
tion by utilization of gravity flow with the excepuon of a
Jow hp pumpg~for-washwater return.

A vibrating screensolids-separator for the removal of fib-
rous material from liquid dairy manure represents one of
the most exciting utilization processes being studied at
NCSU. These separated manure solids are being utilized for
bedding and refeeding studies, in addition to reforming into
fiber board The three-lagoon system at this site provides
complete rétention of rainfall runoff and water from the
terminal .lagoon Is recycled for washing. The first lagoon
which recewves liquid from the sohd_ separator acts more
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like a swine waste 1agoon after this fibrous, non-biodegrade-

‘ able material 15 excluded. Irrigation systems are-provided to

b pump waste from the primary lagoon for maximum fertilizer

' conservation or emptying of subsequent ponds to allow-
adequate runoff storage capacity.

Many wet and dry waste handling systems now exist for
environmentally controlled units and numerous innovations
are being introduced Wet systems use water to redyce labor
and facilitate transport, but they have the poténtial dis-
advantage of increasing the amount of polluted water and
energy requirements Dry systems, by contradt, decrease the
waste volume to be handled Currently in-house teebniques
are being devefoped to provide the best method of waste
mianagement or utifization, and also to deveiop the best
environmental condition for the animals. The underfloor
ventilation system for houses with manure storage pits pro-
vides a totally controtled enviconment in which air s
uniformly exhausted from the manure pit. Moisture is
evaporated from the floor, and gases and odors are ex-
hausted from the building before they can enter the animal
atmosphere above the slats. As a result of imitial work

conducted by 'L B. Dniggers and implementation of a total

system at the Swine Development Center, over 300 new
. swingé houses with underfloor ventilation have been con-

structed In North Carolina during the last several years. This
. 15 a growing example of the trend toward envirbnmentally
controlled growing units currently being recommended as

-

the most important for animal performance and controiling -

impact of animal on the environment

Ld -
The energy conservation potential of insulating existing
poultry; housesis femarkable Potential fuel savings can be
best illustrated using a typical broiler house 40° wide, 300°
long, J’ high sidewalls, a roof slope of 5 and 12. The inside
temperature 1s assumed to be 70°F , and the outside temper-
ature 5°F

\ Example 1 For noinsulation, Heat loss Is 1,490,b00
Btu/hour, or is equivalent to approxi
- mately 20-gallons of prqpane per hour

Exampje 2 For ceiling insulation with R‘= 8 materal,

the heat loss 1s reduced to 487,000

Btu/hour which is equivalent to about 6.6

gallonsof propane per hour .

. Example 3: For ceiling insulation with R = 8mater|'§l
and sidewall insulation with R = 8 material,

N the heatloss is further reduced to 154,000

Btu/hour or the equivalent of 2.1 gallons_

of propane per hour.

| Thus, insulation can allow a tenfold reduction of heat loss

for energy requirements.
L]
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R vSim'ple Energy Conservation TechRigues .

required for moisture evaporagion. °

P
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Economics of EPA Criteria for Waste Management .

A supulatnon of the 1972 Water Quality Act authorizing

EPA to establish affident guidehines and Iimitatiops for *
feediot industry was that the economic, impact z&lhese
regulattons would be considered. The most recent and
possibly best analysis of the economic impact of water
pollution controls on the feedlot industries has been con-
ducted under contract for,the National Commuission on,
Water Quality. Very preliminary analyses of these data indi-
cate that feecdiots with over 1000 head of cattle capacity,
which produce 16.3 million head, can control pollution ata
total cost of $130 million, while the smaller feedlots pro-
ducing 15.3 m|II|_‘on head can provide an equal degree of
pollution control at the cost of $680 million or 4.5 times
the amount for larger feedlots. The cost/head marketed pgr
year/unit abatement can be denved based upon two assump-
tions (1) waste production as 1s hineally related_to-feedlot
size and {2) all treatment facilities perform®at the same._
efficiency or percent abatement level regardless of size.
Such COst/head marketed/unit abatement ranges from $16
for units over 1080 capacity to $20 for 500 to 1000
capacity, $30 for 100 to 500 capacity, and $100 from 0 to
100 capacity. Thus, nlational resources are most cost-effective
for large feediots in that more abatement is achieved at a
much lower expenditure. Such economic strata could also
serve as a basis for determining which feediot shouid be
permitted or considered as point sourges Although this
criteria would be quantatively associated as the arbitrary

1000-animal unit cutoff specified in current law, the .

theoretical generating principle would be cost-effectiveness.

Heating energy can be further redu'éed In an insulated
house 1f double brooding or zone hrooding 1s employed.
For double brooding, chicks are confined to the center
portion of the house to reduce/the heating space unti! stock
indensity requares expansiorn to the total house. An add:-
tional 50% energy reduction over savmgs for just msulauon
can be realized 1f double brooding 1s ‘practiced,

THe second major demand for heat is to warmn ventilating
air. For each 1000 cfm the heat necessary to raise air
temperature ‘from 5°F. to 70°F. 1s 78,000 Btu/hour or
approxemately one gallon of gas. Thus, it becomes clear
that for a well-insudated house,the energy required to warm
ventilating air exceeds heating needs. Therefore, ventifation
mustbekept toa minimum, and whenever poss|‘b|e, ventilat-
ing air should enter from the attic.

The third demand for heat is to evaporate moisture, Gas
heaters not ventilated to the outside produce about 6 pounds
of water for every galion of gas burned. Approximately
1000 Btu must be provided for each pint or pound of
water evaporated. Therefore, outside ventmg‘ adjusted
waterers, and absorbentlitter are essential to conserve heat

.
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A EnnfOn'Tuentav control 0| hvestoch production umits re-
sults 1n overait energy conservatlon and |mp'roved produc-
twnty esulting In better long-term profits Imp|ementat|on
ple-?nsulatuon recomméndations or recycling of waste
nd as a fertilizer results in substantial energy savings.
Adoption of more advanced environmental control tech-
piques, such as air-conditioning of breeding barhs or waste
'washmg systems require added investment, but ultimately .
" result in lesg cost, especially if energy intensive waste man
agement systems are replaced by the most appropriate utih-
zation scheme because more market animals are produced
at fower energy and feed costs, and under better envrion-,
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Conclusion”
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mental conditions. Waste management procedures, whigh
emphasize utihzation and terminal land application of resi-
due, have the added benefit of bemg'one of the most
economical methods to achieve compliance with the no-
discharge critena, Ac'tjlly, substantial efiergy_savings caa

be obtained by implementation of relatively snEnDIe tech*

niques while ‘more sophisticated approaches conservg addi-
tional energy, allow use of different energy sources, anq
are most cost- eff'ectlve in increasing productivity and con-
trolling the impact livestock _production has on environ-

mental quality. ‘én
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1.‘3\§nculture even In its most primitive form, enco;npasses effect that restncte“d energy availabtiity will have upon agri-
' those attivities of man related to the collectton and storage cultural prodLLctnon1 This concern s a valid one.

of solar energy in a form such that mar can use that energy *  One measure of] agncultural efficiency with respect to
for ahe sustenance- of hfe processes To carry out these fossit energy 1s_ the| rati of energy output in agricultural
activities, man mest expend energy tn terms of human labor, products to the fossil enirgy Input in agricultural activities.
,and m the fossil energy uséd in producing the supphes and This would include: the energy associated with titage, har-
operatmg machmery utilized by agriculture. Fossi energy 1s ~ vesting, storalge faml‘lftles, machtnery manu'facture, fertihzer, |
"“in short supply, and many people are conwrned aboyt the *  seed production, 'l pestvc:(_ies, irrigation  and i drying.

N

' » Figure 1
'Incregse in Corn Yields from 1945 to 1970
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Heichel (1, 2) sefers to these as cultural energy inputs as
contrasted to the solar gnergy input There 1s also a signifi-
cant fossit energy input off-the-farm in agricultural process-
ing, transportation and food preparation These latter
factors are usually cited as being the largest energy inputs
into the totat food chain {averaging about 76iof the tqtat),
however, they are targely beyond the control of the farmer.
The first group of factors are, however, under the farmer’s
control and as such have a divect relationship to yseld and
to production efficiency. This was pointed out by
Pimentel {3) when he reported that corn yield increased
from 34 bu/acre in 1949 to 81 bu/acre in 1970 During this
same time the labor per acre decreased from 23 man-hours
to 9 man-hours This increase N corn production is shown

- »

fin Flgure'l Simiiar increases can also be shown for othef
crops. , 0
The refationship between energy input and increased
yield 1s a real one as itustrated by Steinhart (4). (See Fig-
ure 2). Certainly no one would argue that a reduction in
fertibizer input {a significant component of the energy input
Into crop systems) would not, In turn, reduce yield. This
does not mean that inefficient energy utihization does nat
exist m"agncultural production’ It does And, agriculture
can economize on its utihzation of energy. However, a
general reduction or one which restnc‘ts a particular prac-
tice should be carefully evaluated in terms of its impact on
production. This is particularly true in view of the world.
wide situation relative to adequacy of food supplies f

Figure 2 -

. ;ﬁ N

Farm Output in Relationship to Energy Input Since 1920

. -~
The fossil energy v'nputs associated with any crop can be
brgken down in terms of the energy associated with the dif

ferent cultural practices and the ‘energy required to manu
facture_the goods and equipment needed by agriculture By

. ’

Ric . .

Energy Usage Associated with Crop Practices |
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making n analysls‘ tpe effect of alternative practices
on the total genergy requirement or the perceptage of the
total associated with any selected practice can easily be
evaluated: ) .
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. Tables 1,

“w v

Machinery Usage (Tillage, Cultivation, Haweeitipg) /

For most farms one of the major fossil energy Inputs Is
thatassociatedwith the operation of agriculturai machinery’
Information on the gallons of gasobne used per acre in vari-
ous machinery operations was compifed by White (5§) This
mfcjmatromn terms of kilo-calories per acre 15 presented In
2, and 3 in the Appendix. Forwmnost operations,
values are gven for “low,” “average,” and “high” energy
requirements. The difference between the three values 1s
attributable.to such factors as weather, depth of tillage, size
of equipment, size of fields, topography, etc

The effect of aiternative machine use practices on energy

« usage can be seen by use of the information presented in

the Appendix Tillage, for instance, is generally considered
to be one of the high eriergy use activities In fact, it corre
sponds to one of the peak energy demand periods in agri-
culture, the other is for harvest and crop drying Consider
three different levels of tillage for corn: )

1 Conventional tillage — plowing with a mqldboard

plow, heavy disking, spring tooth harrowin

2 Reduced tillage — disking of stubble

3 No tlllag_e : ,
Conventional tdtage would require approxiqately 149,000
kito-calories per acre, reduced tillage 39,800 and no tillage
zero To fully evaluate the énergy saved by reduced or no
trllage‘{hetotal production scheme would need to be con-
sidered. ‘Bor instance, no-tillage corn planting requirds the
use of a herbicide which represents aM energy rnput and
often extra fertilization 1s recomimended Second, if yields
are reduced, the energy |nput per unit of food would eorre
spondingly be increased When the energy associated with
fexulizer, drying and transportation are included, the differ-
ence In tillage method becomes largely insignificant ince
these three items represent by far the major energy require-
ment Conventional tdlage methods are usually 1ess than
10% of the total Nevertheless, potential savings of energy
as hugh as 80% when only tbe tillage, planting and harvest-
ing energy requirements age considered can “Be realized
through no-tillage production systems If one assurges the
62 million a‘&:resof’corn grown for grain 1n the United States
was all planted by no tillage techniques, more than 200 mil-

lion gdllons of fuel could be saved. N

Energy in Storage Facilities and Machinery Manufacture

The actual production of facilities for storage, their erec-
ton, and their operation also require energy Similarly,
energy 1s used In thé.manugacture, dlstrlbutlon and mainte
nance of machinery TheSe energy costs should appfopri-
ately be assigned to agricuiture The energy associated wit®
these inputs is not easy to. determﬁie Pimentel sugg@_s_that‘
the annual energy |nput rgpresented by the machinery re:
quired for US, corn productlon 1s 420,000 kilo-calories/
acre {3). In a somewhat different approach, Roller suggests
an energy value for equipment based upon its d0||ar cost (6).
The value he gives 1s 10,680 KCal/$. Using thit value and
applyrng It to the farm machinery cost over thevyears of

e
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useful life, a value very.simiar to that of Pomemel"s is ob-
tained Since the value given by Roller can be used for any

type farm operation, its use 1§ recommended. Similarly,

[ Boller gives a value of 3930 KCal/$ for the energy value in

buildings. .

Fertlllzer

As indicated earlier, the fossil energy used in manufac-
turing fehger représents one ot the Iargest Inputs Into
crop production, at least for grain crops such as corn.
Pimentel recommends the following energy frgures for
fertilizer (3)-

‘Nitrogen — 8400 KCal/lb
Phosphorus — 1520 KCal/lb ‘,
Potasslum - 1050 KCal/ib. * « r ¢

These energy figures include production and proces'srng, but
% do not incfude field placement. Simar figures for nitrégen
fertihzer are given by White {7); however, these values are
substantially larges than those given by Heichel {15, or by
Blevin at this conference The reason for the differences be-
tween the various values is not fully apparent From the In-
formation available, 1t appears the larger values were based
on rhe aweral! energy Inputs Into the fertilizer manufact
ing Industry and'lncludes some mixing, transportation and
auxihary energy Inputs, Since they appeared fore inclu-
Sive, they were the values selected for use in this paper.

-

Seed Production

The fossil energy used In seed production Is quite vanabje
depending upon the seed type, quality_and treatment An
average recommended value for hybnd Corn seed 1s 1800
KCal per pound of seed (3} Convertlng th?&vaiue. to a volu-
metnic measure, one gets 100,800 KCal fg,er bushel. It 1s
recommended that this value be used (or most seed types,
however, for extremely small seeds such as that of tobacco
and some vegetables a higher value would be approprrate

“

Pestcides and Herbicides

An average energy value for herbicided and pe.sumdes of .
11,000 KCal per pound is recommended (77) This value’
does not include the energy réquired for apRiication

irngation

The energy assoicated with the apphication of water by *
irrigation 1s reported as being large. Pimentel {8} considered
the energy usage of such magnitude that he recommended

athat cdrn production be moved from those regions where
irrigation 1s required to areas where adequate rainfall exists
If, however, other crops were grown In the irrigated areas to
maintain high food production and if those crops were 1rmi-
gated at the same level, the tStal energy use forlagrlculture
would not be changed. If irrigation 1s restricted in thpse
regions where rainfall 1s not adequate for optipum drop
production in an effort to.conserve energy, a direct reduc
tion in crop yield could be expected.

An estimate of the energy use assoclat
1s_gwen by Fischback (9)

with.irrigation
He provides figures for both

<
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sprinkler and surface vrrrgftfon, as show in Table 4 in the moved from thelfre!d as*quickly as possible when the aver-

agricuiture should retukn to the energy- efflcren( procedures
of prrmmve farming, the dlfflculty 1s that because yield 1s
s0 much Jower undey sugh (echnology, adequate supplies of

subsistence peasant type farrmng'where “ail energy |npu
»

Appendix  The- tabulated information clearly shows that age grain morsture content'is 26% Drying 1s mandatory
the use of electric power would be more® effrcrent than with grain harvested at such moisture contents
using internal-combustion-typé powered units by aratio of The energy assocra(ed with gram drying s directly related
approximately 25 to 1 It also shows that surface irrigation to the imitial harvest moisture content since a higher mois-
T requires less than 1/2 the energy required by sprinkler irri- ture Qaqent means that more water has to be removed The
. " gaton;*however, mose water may be requirdd when surface ener§y associated with removal of the various amounts of
irrigating and this may reduce the differerice between the water can be computed by mul(lplylng the pounds of water
two methods Irrigation energy nputs cdtid also be re- 8 to be removed, as seen n Table 5, by the values mn
duced by more effectve scheduling of irrgation applica- Table 6 (77) The differences in performance of the various
tion The present methods depend heavily on farm opera(f types of dryers are not inicuded in this calculation, however,
N judgment, and they are not sufficiently . Influenced by for well designed dryers the error made by neglecting
weather vanables and probabilistic relationships relative to equrpmsm performance" would not be.large A morg
beneficral return for a specific amount of water applicatign. important additional en L INput 0 drying would he the
.. energy assotiated with t eration of the electric motors
Crop Drying .
for the fans and conveying ulpm(vk For batch n bin or-
In con(emporary corn producuon the usual practice 1s continuods flow dryers this energy use 15 relatwvely small,
the dryrng of the harvested grain with heated air. In 1971 it . being 10 KCal or less per bushel per each pointof morsture
s estimated 67 percent of corn grown In the five states in . to be removed re reducing the moistyre content .of a
the corn belt was dried either commercially or on-the-farm Bushel of graln frofn 26% to J6% (104Points) with high
. with heated air In 1972 1t was estimated that 75 percent of temperature drying requires about 3000 KCal of energy per
the grain was dried with heated arr. ers primanity . pbichel, Three percent of the total energy with such drying
» done 5o that the farmer can maintain more &8Mrol over his systepns'1s the electric energy for driving the fans and con-
farming operauon By having drying facilities he can harvest veyerss For lowAemperature drying or natural air drying,
the crop over a much wider range of time and, since he can however, the fan energy becomes relatively large In fact, 1f
start harvesting earher, (he danger of sngnlfu:am crop losses compargtmew moist grain is to be dried with natural air and
due to adverse weather 1s greatly minimized+1t is estimated the recommended air flow per bushef {3 CFM per bushel
. that 5 to 15 percenk of the potential harvest is presently for.graln 10 porms of moisture removal) 1s used. the energy
lost in the field (10) tn one stydy a heavy storm in early usade for the’fan motors will be virtually the same as the
November resulted 1n the doubhing of corer losses during energy,.for electriggty and fuel for heated arr drying (near
; harvesting, increasing the loss from 6 8 to 11.9 percent To - -, 3000 KCal per bushel),
| keep lgsses to a minimum, |dea/lly the grain must be re- , ) ¢
| . _ “
) < . . .
. . ) D
. L4 - ’ . i .
- . . . . .
1 a . o . .
' _ - TS T ' .
3 | influence of Cultural Practice on Energy Use N S,
! - ‘-q . ) . . —~
‘ The influence of cultural pr |cé can be dramatic rn' only 48 K(,‘al penumnit of enérgy input. Heichel {12) further
i terms of energy input and yel erchQQZ) ceportsma( as reports that when irrigation 1s ysed the return dsops dra-
‘ little as 200,000 KCaI/ac:e of energy"input occurs under «matically to.2 2 KC4i per KCal input. Though this suggests
|
|

. for this expendr(ure of energy Far food cannot be produced. - . .

4 pulled equipment along with statienat fes in , Assuming that in view_of worldwide food ‘needs high
the yield to 8000000 KCal pér .acr % 1 .food output must be marn(alhed then moderm agricuitural
agricultural practices and equipment are he yield . (echnaques must be ysed Under thls éons(rarnt’ the options
considering both the graln and {&dder 1s rncreased to are fewer; however, the oppomunny for conservation of

24,000,000 KCal per acre per year ‘however, at” this point energy sull exists, This can be iliustrated bfff considering
5,000, 000 KCal of energy is being expended pér acrep < several alternative production schemes.-Using corn produc-
year. In (erms of energy use efficiency the corn farmer ysing tion as an example and considering alt rnpy(s ‘one can note
prrmmvehe(hods does the best job with about 8K Cal pro- the energy use for five _different cul(ural technlques shown

duced per unit of-energy input. %he modern $ar S . n Figure 3, .
- " L . P ; 45 . ! . .
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o Figure 3 . "1
Energy Usage by Various Agricultural Production Schemes
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PROQUCTION SCHEME . ‘
. .
A. Conventional Titlage, drying 10 points ) -
B. Conventional Tillage, drying 5 points s ~ .
C. No-tillage, drying 10 points * i
D. No-tillag® drying 5 points s
E. No-tillage, heavier l‘é’rtllization,, drying 10 points
The analysis of alternative corn production schemes re- o This input accounts for EDDTOlealélv\w%\ff the total
veals that different practices have definite impact on energy energy input for conventional culture. No-titlage is fre-
usage. For the five schemes evaluated, the most energy- quently regarded as improving eriergy efficiency whei cn{nr
efficient system (no-tillage with drying restricted to 5 pared with conventional tillage culture (73); however, i
points moisture reduction} used 32% less energy than the comparable high yields are desired with nd-tillage, approxi-
least ,efficient (no-tillage, increased nitrogen fertilization mately 50 Ib. more nitrogen fertilization is normaltwrecom:
- and drying 10 points). mended. This 1s shown in Figure 3 as Scheme E, Though
One of the most significant fact,ors of this analis I1s.the the energy for field mechmery operations with no-tillage
relatively large energy input-assoctated with fermnzayo. was less than with conventional titlage, the energy associated
J o, N :
O L4 . * .
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with the |ncreased fertilization make/\the no- tlllage opera
tion the most inefficient from an energy viewpoint”
The next largest energy input 1s that as(somated with
drying If heated air 1s used and the moisture content 15 to
" be reduced an average of 10 points (say 26% to 16% by
drying), then 295,000 KCal of energy 1s required. Reducing
the drying requirement to 5 points (21% to 16%), reduced
the energy required for drying to 148,000 KCal In this case
the impact-on field losses of allowing the corn to re(naln n
the field until 1t averaged 21 percent as opposed to ¥6 per
cent needs to be considered This added field drying could
be expected to «ncrease field losses by about 4% (70)
R Assuming a yi ld‘o[ 100 bushels pes acre, the energy 1n the
lost corn would be equal to 403,000 KCal per acre This s
2 7 umes greatgt than the energy saved by delaying harvest
*If imgation haq been used (for example, 10 inches by
means of sprinklers) an additional 376,000 to 1,463,000
KCal/acre of energy would have been required This could

4'"./.

An attempt ha en made to quantify the on-fagm
energy inputs 1n crop productlon The inputs discussed 1n-
clude machinery operatian (tillage, cultivation, and harvest-
ng}, energy instorage facrities and machinery manufacture,
fertilizer, seed productiorl; pesticides, and herbicides, irri
gation, and crop drying Of these inputs, fertilization will
often be the largest 'In an example with conventional corn
production, the energy input associated with fertilization
represented 60 percent of the. total energy nput The
second largest enerqy input was that associated with drop
drying N

When analyses of energy input into crop production are
made, it s |mportant to analyze the total operation This,
includes changes in’ fertihzation required by a change in
machinery usage, effect on,field losses, changes in Yeeld and
changes 1n product quall(/A system which has a low fossil
fuel requirement (gasoline, fuel oll, efc.) may not have the”

4
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result 1n a doubling of the total energy infut /The potentual"
for energy saving should also be apparé®t” For example,
with*conventional production, f agrrcultural waste could be
used to replace one-half of the fertilizer, a savings of 440,000
KCal/acre of energy might be realized o

Similar analyses can be made of other agricultural opera™ ¢
tions and various alternative production schemes fo evalu
ate the energy requirements for any desired crop of produc-
tion systems Since the possible combinations are virtually
endless, no attempt was made In this paper to evaluate
other types of farm operations. bt is hoped, 'however that
the ba5|s for such analyses_has been presented To these
analyses the effect on production {crop yield) must be
evaluated so that the effect on overall production and on
the energy required per unp/éf production can be deter-
mined This was clearly demonstrated above in the example
relative to increased field losses due to delaying the harvest
to allow the moisture content to drop in the field

. - L3 i
! Summary g
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lowest overallmy requirement, particularly, when yield
is considered a e energy usage Is computed per unit of
food produced

Even with thpdarge energy inputs discussed in this paper,

. the energyﬁm the corn at harvesf exceeds by several

umes the inputs As energy 1s added in off-farm transport,

processing and handling this may cease td be true, but for

almost all crop operations the energy at point of harvest

or on farm storage exceeds the energy required to produce

the crop In this sense agriculture is a produter of energy

ther than a user of energy. It is important to remember,

+ however, thatagriculture is not practiced to produce energy,

Tather, 1t exists to produce food, a basic commodity, of man

- Therefore, any reductions in the energy avaitable to_agri-

culture must be weighed against the accep!ablllty Of varey
_potential decrease 1p-food production.
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™. Table 1 g .
Estimated Energy ReqmremiM{for Selected Farming Operations ~ -,
‘ ) Kilocalories Per Acre”
Operation ) - =
. . , “Low ’ Average High
’” . ~ - . . |
Tillage Opepetions: . ° L
Moldboard Plow 47,100 94,100 188000 f -
Chisel Plow R 29,000 . 57,900 116,000 ’
, Heavy Fandem Disk 19,900 39,800 7
Standard Tandem Disk :
Plowed Sojl, First Time Over . 16,300 32,600
Plowed Soul, Second Time Over 12,700 25,300
Corn Stalks, etc . 14,500 29,000
Spring-Tooth Harrow ) ‘ 10,900 _ 21,700
Spike-Tooth Harrow ) s 3 . 7.240 14,500
Field Cultivator 18,100 36,200 °
Planting Operations: '
- Row-Crop Ptanter {with fertilizer, etc.) ) . .
40-Inch Rows : . . 16.300° . 25,300 38000° |
~ 30-Inch Rows N " 21,700 32,60 48,900 R
Grain Dnitl Lo 12,700 © 18,100 27,100
Potato Planter - ‘ . i 32,600 ~, 48900 - 72,400
Vegetable Planter (Direct} ., - . 32,600 48,900 72,400
' Transplanter o , 43,400 65,200 ~ 97,700
Crop‘.(;ultmtion: . ' i .
. Row Crops, First Cultivation 14,500 . . 21,700 32,600
Row Crop$, Second Cuttvation - . R 12,700 18,100 27,100
Vegetable Crop-CuInVatnon . - : + 19,900 * ) 29,000° "= 43400
. Rotary Hoe . . 5430 9,050 14,500
) Harvesting Operations: i . )
Cutterar Mower 14,500 21,700%~ |. 32,600
Mower-€onditioner {pto}, s 23,500 36,200 54,300
Mower-Conditioner (self propelled) . 34,400 50,700 76,000
‘Hay Rake ’ .o 7,240 . 10,900 "\ 16,300
Ve - . :
“ -
Q - . . g:} ) .. R
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A

" Operation

~

A

Kilocalonies Per-Atre*

A

Average

H'gh

w. Harvesting Operations: (Continued)

' Baler, Hay -

Baler, Straw

Forage Harvester {flail- type) B
Green Chop T
Dry Hay or Straw o

Forage Harvester {cylinder or *flywheel type)

Haylage . 3
Dry Hay or Straw
» Row Crop
~40-Inch Rows
".fo-)nch Rows

Combine Harvester

Smal| Grain

Pea Beans and Sbybeans

Corn, 40-Inch Rows °

~Corn, 30-Inch Rows
Corn Picker

40-Inch Rows

30-inch Rows
Picker-Sheffer .«

40-Inch Rows

30-Inch Rows
Potato Harvestgr
Sugar Beet Hervester
Vegetable Harvester
Tree-Fruit Harvester (Sha):erl{

Miscellaneous Operations: ,
Row Crop Sprayer (each operation)
Orchard Sprayer {each operation) -
Stalk Shredder * ¢
Fertilizer Spreader (bulk, spinner)
Anhydrous Amm)oma Applncator -
. Vine Topper (Beets, Potatoes) N
Pea Bean Puller and Wandrower
Forgye Blower . T
Dry Hay'or Straw i
_Haylage or Corn Sllagle t

' 34,400
21,700

&
* 81,400
41,600

81,400
36,200 ~

77,800
"86,900

36,200 *
39,800
43400
50,700 .

-

30,800
34,400 -

36.200 |
43,400
52,500: ',
50,700
57,900
95,900

L]

3620
18,100
21,700

5,430
38,000™
50,700

14500« /

19,900
« 34,400

A\

-

50,700
39,800

% 123,000
61,500

123,000
54,300

116,000
130,000

54,300 _

59,700,
65,200

76\,?%0/
47,100
50,700

«

54,300
65,200
79,600
76,000 |
+ 86,900
145,000
5,430
27,100
. 32,600
7,240 .
57.900
76.000
21,700

29,000
50,700

76,000
* 59,700
185,000
-92,300 -

185,000
81,400

oo

195,000

)

81,400

90,500
'97,700
114,000

0,600
56,000
81,400
97,700

119,000
110,000

130,000
217,000

'9.050. -
41,600
48.900
10,900
 86.900°

* 114,000

32,600
43,400
 76,000.

v " =

E)

'To obtain fuel réquirements in wllons of oasollne per acre Mde by 36, 200 For Dlml Fuel rnquiremonts divide by 51,700 and for L-P

Gu divide by 30,200, Figures do hot include fue) required for haullng md,

from the field,

Aruitoxt provided by Eic
-

fenillzer etc. to the field, noc for hauling tha.“ﬁarvonod crop




. Table
Energy Requirements for Farm Tractors
,

.~ ’Tables
Energy Required for Sprinkler and Surface lrrigation

: Fuel Consumption,. Energy Required/Acre
" Horsﬁower Class Kilocalories/Hour - ’ tnch Water - Keal/Acre
) ¢ {Max Observed PTOH P) —r—~ ~ Energy
N . . Gasoh‘ne Diesel Fuel® . Surface Sprinkler .
; <2030 H.P 140,000 |’ 103,000 . 6.400 57,600
N . 4059 H.P 217,000 150,000 . Electne 16,4 ., 378
R ) Diesel 40,300 93,900
o G079 H.P. 300,000 y 1 207,000 L P. Gas 64,000 146,300
: B0-99H P, s 393,000° -{—.274,000~ . : ,
100-124 H.P. 341,000
125149 HP, . 408,000 ' i Table §
150174 H‘P% 476,000 Pounds of Water to be Re'moved per‘Bushel
175200 H.P 543,000 ) - N
*Based on operating at approximately 75 percent of maximum load. Percent Moisture Content |  Percent Moisture Dry Grain.
! . Wet Grain 12 14 *| 16 18
‘ : - 7
’ 18% . | 38 26 |13 0
i 2Q 51 3.9 2.2 1.4
. Table3 22 64 | 52 |40 |27
Energy Requnremerrts for Hauling Farm Products  ~ 24 76 4 65- |53 42
b . . from Field to Farmstead ) " 26 8.9 78 | 67 [55
N 28 102 91 80 68
Commodity Kilocalories Per Acre 30 15 [10a |93 |82
. First Mite [Each Additiohal Mile —
: : ‘ { :
- ’Corn Sllag;, HayBIage, s . Table 6 .y
—V(P:otatoes, ugar Beets, . Approximate Number of KCal Required Per Pound
herrees (in water), 2 400 [ . «of Water Evaporated for Grain Dried at
et cetera 72, 27,100 Different Operating Temperatures® '
. Small Grain, Shelled . - n
<z C , ’ . -— P
A;:)r:e:/:slg:‘e:)al‘::f:;::ss) , + Operating Moisture Content KCal Ibs. of Water
- Temperature{ -
et cbtera 14,500 5,430 ’ P 27% 25% 20%
Baled Hay, Straw, ] : R 100°- 120° 340 378 403
et cetera 9,050 [~ 3620 160°- 180° 441 441 466
’ v 180°- 220° a9 466 554
*These figures are applicable for short hauls only, such as field-to-
farmstead hauling, preferably not in excess of 3 or 4 miles. *Based on an ambient air temperature of 60°F L
B ¢ s -
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, ENERGY REQUIREMENTS FOR THE PRODUQTION AND DISTRIBUTION OF "
, . y CHEMICAL FERTILIZERS IN THE UNITED STATES
Glenn M. Blouin and Charles H. Davis’ ‘ - .
Duvision of Chemical Development *
r National Fertilizer Development Center v
. .0 Tennessee Valley Authority
< ‘ . Muscle Shoafs, Alabama /
v oo . lntrodut:tion'J * . .
; p
. The production of satisfactory quantities of foodstuffs ’ Figure 1
is ;"r?érably bound to the productign and distribution of Estimated Prqocted Energy Consumption
adequate quantitie?of chemical fertihzers — ammonia, urea, . " in the United States

B ammonium phosphate, and muriate of potash, to name the
predomtnant fertilizer materials. Just as mexorably, the pro-

gtion and distribution of these chemlcal fertilizers are
de lent upon reliable sources of large quantities of fossil
fuele rgy—natural gas, naphtha, fuel oils, byproduct hydro-

carbons, or,t0a minor extent, coal, '

Because of the extreme complexity 9f ou(/ﬁrrent energy
crisis, even in a narrow field such as fertilizer production,
exact analyses of current and projected energy supplies and

many opinions and estimates ‘and few hard facts. Never-
. theless, an attempt will be made to provide energy con.
‘sumption data for the major fertilizer chemicals on the
basis of individual plant processes, as well as on current and

, short-term projections of total plant nutrient requirements,
. One of the ground rules used in this presentation is that
the calculated energy consumption for fertilizer production

is that which must be imported to an existing battery-

- limits, fertilizer plant. That is, internal energy transforma-

. sumptuoﬂ {or productlon) of transferable energy is reported.
. This includes the energy, in fuel equivalents, of both pro-
cess feedstocks and fuel; for exampie, the total energy re-

ported for ammonia production by natural gas reformlng
eomprlses about 35% as fuel (burned in reformer) and 65%
feedstock ("cracked” in reformer). The "existing” plant
approach is specified so as to avoid an assessment of the

. energy consumed in the construction of the process equip-

“ ment and plants Energy consumption in the form of human
effo'rt and of plant deterioration is likewise not included,

Before going into details of fertilizer energy consdmption

tion data, some’ statistics on the total energy forms and
consumption in this ¢puntry may be of interest. A break-
down of past and projected energy consw'nptlon patterns
is given in Figure 1 (I)

L3 Ll
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F . © requirements are extremely difficult; as a result there are

tions are not defined individually and only the net con-

and so as to gwe perspective to fertilizer energy consump- -

130

I 1 TOTAL

v
-

QUADRILLION 8TU (105 8TU)

The data indicaté that the rate_ of ihcrease In total
energy consumption is about 3% per year Itwill be noted — 4
and here is the first of numerous areas-of dispute — that

f- the projected gas consumption fraction is somewhat hlgher
for the future than atpresent. These data reflect the su.pposr
tion that the greatly increased degree of onshore and off-
“shore exploration will result in greatly increased produc-
tioh=a supposition that is thus far generally unsupported by
current results. However, proposed importation of liquified
natural gas {LNG) and the production of sypthetic natural
gas (SNG) from coal could acct?‘uht for this projection.
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The small bar on the 1975 dajline represents the’esti
mated tgtal agricultural system energy consumption up to,
but not including, the food-processing requirements, This
amounts to about 3% of the total energy consumed (2. 3).
It is little wonder that most of those cdgnizant of the
general energy situation argue that a strict allocation o!}

. B

General .

About 95% -of all nitrogen fertilizer in the United States
) is produced from synthetic anhydrous ammonia. Much of
the remaining 5% 1s also in the form of ammonium salts,
generally byproduet ammonium sulfate from cobi?ing and
- caprolactum operations. Past and projected consumption of
mitrogen fertilizers is given in Figure 2 (4). These data will
be a later summary of total energy consumption for
agriculture nitrogen production.

. Nitrogen !

the total supply of energy—say 1% of the total-could
ensure a completely viable agricultural system. Alsg,most
of the industrial sector argue for deregulation of, natural
gas at the well-head so.that increased exploration can be
financed and that competition for natural gas as a fuel
would be less intensive.

Anhydrous Ammonia

Process Description,

Anhydrous ammonia is produced commercially by the :

Haber catalytic reaction of stoichiometric quantities of
relatively pure hydrogen (3 volumes) with atmospheric
nitrogen {1 volume). In this process, the two gases are

* mixed ,and’ compressed to the range 2500 to 5000 psig

pressure where they react on a catalyst to form ammonia.
An estimated 16 million tons of ammonia were produted In

Figure 2

- Projected Agricultural Nitrogen Consumption in the United States
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the United States in 197475 byt only i1* million tons
{70% of total) was consumed inthg agro-syitem. The re-

~

- production, There are basically three processes for hydrogen

production, namely: {1) steam reforminy of natural'gas;or

mainder was consumed by industrial users (explosives, plas- naphtha (a light petroleim distillate), shown in Figure 3:

N " tics, etc.). - (2) partial oxidation of fuel oils"or other hydrocarbons,
tn the commercial versions of the Haber process, th® showri in Figure 4; and (3) the gasification of coal, shown
main process variations relate to the manner of hydrogen in Figure 5, .
] : . g
. - ‘ . . s
. o . Figure 3 N
’ ‘ Steam Reforqing of Hydrocarbons for Ammonia Synthesis %
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, Figure 4 ' ' :
[ Partial Oxidation of Hydrocarbons for Ammonia Synthesis -
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The principal desired reactions that occur in the several requirement wasarlyrmly assigned to the other feedstocks
. processes ar€ shown in the following tabulation {5). on an equivdlent Bt{ basis. .

The data indicated that the electrical energy requirep was

. Tabulation A only 19 kilowatt hours, or 190,000 Btu {33% overall gen.
“Principal Reactions in Hydrogen Production from erating efficiency) per ton of coal (average, 24 x’106 8tu)

* Gaseous Liquid or Solid Hydrocarbons Transportation would add about 600 Btu per ton per mile,
and in Ammeonia Synthesis or 300,000 Btu per ton for a 500-mile haul. The tdtal

s energy expenditure to deliver 1 ton of subbituminous coal

Refor‘mmg' + s (24 x 106 Btu) s thus about 0.5 x 106 Btu, or about 2%
e of the energy delivered.

. A. Natural Gas (Catalytic) - The total estimated energy consumption for the produc-

. CHy + H0——CO + 3H, * tion of anhydrous amménia via the various feedstocks are

. 8. Naphtha given In Table | (7). The data indicate that the steam re-
- Nap forming of naphtha and the partial oxidation of fuel oil ¢

2C7Hy5 + 14H;0——14CO + 29H, require about thé same energy Input as the reforming of

’ b natural gas and about 30% less than the gasification of

Partial Oxidation (Nongatalytic): coal. All, however, would be regarded as energy-intensive

A. Fuel Oils or Coal b procegsses. . .
It is estimated that the approximately 11 million tons of '

. m v .
CaHm + (n+ 210y €Oz +3H0 ammonia consumed by the agro-system in 1974 required

0.378 x 1015 quadrithon) Btu: this is also shown in Table I,

. %
. .

. ‘
CaHm #nCO2—= 2nCO f%Hz

> CaHm + nH20 —=nCO + (3 + NIH, »
) Carbon Monoxide Shift Conversibn (Catalytic): - Table | R
. CO'+ HyO——=H, + CO; . Estfmated Energy Consumed in the Production
-0 e . . " of Aghydrous Ammonia
Ammonium Synthesis (Catalytic). , . ’ . ,
. 3H; + Ng—— 2NH3 S Normal |Energy consumed.? Bty ;
2 B 5 . . umits/ - *
R T8 ton VH3 {Per ton NHaj Per ton N
= The objective, of course, is to reduce the hydrogen con- Steam Reforming , :
tent of the hydrocarbon feedstock to free hydrogen and to Natural gas (900 Bt SCF)538 MSCF| 342x 106 [41,5x g6 .
crack the steam feed to free hydrogen by oxidizing the Electricity 20 kWh 02x105| 03« 'QG
carbon to, carbon dioxide, Several states of reactors are Tof® /. 344x 106 {418x 106
w required to achieve this overall result, as_indicated in the « .Total consumption or . g
) tabulatipn, ) , . - 197475
The reforming, partial oxidation and shift conversion US producton® | 0.378 x 1015
reactions usually are carried out at up to 300-400 psig and Naphtha Reforming ~ P
Lt 1500°f, whiereas the ammonia synthesis reaction is at 3500 Naphtha (19,000 Btu. b)> {089 tort | 338 x 105 [41.0% 106
10 5000 psig and 950°F. . ’ Electriaity T _[eskwh |_03x108] 0ax 108
. 4 ’ Total ' 341x 106 | 414x 106
. Energy Requirements - Heavy Oil-Partial Oxidatiol’ - N
. The total energy required for the production of an- Fubloil (17,500 Btu/ib)® * [098 ton| 343x 106 | 416x 106
hyd.rous ammonia — as well as any other fertitizer — con- “  Electricity ® 30kwH | 0.3x106{ 0.4x106
sists of th:z total energy required to produce anfi transport . Total * [246%106 |a20x106 °
both the faw materials (feedstocks) and the various energy
forms {steam, electricity, fuels) consumedein the process, ~ Coal Gasthcation | ! !
-~ Some ditfieulty-was enc;untered in obtain;ng production coal 111400 Bru/Ibio 20ton 7 456x 1091553« 108
A Electricity 235kWh|.24x106] 2.9x 106
enerdy data for,alt ammonia feedstocks. in fact, underground [N Total 48 0x 106 |58 2 x 106

coal mining data (6) appeared to"be the only available data

of this nature. Si underground coal minin ation )
< Since 9 m g oper ?Including estimated energy required to produce anc’ deliver

should be- more costly, energywise, than pr?duction of * raw malersals,

natural gad, naphtha, or fuel oils, the conservative approach bLow heating value (LHV)

was used in that this maximum raw material production €Eleven million tons NH3 per year, agr o-system onty
. - * ¢ o ? S
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Urea , - anhydrous ammomnia and the gaseous byproduct ‘carbon . |
S . » § .
- Urea-ts rapidly becoming the greatest single source of dioxide frc:m the ammonia producupr} unit. As a result, the
“e solid nitrogen fertilizer i the world. In 1967, urea produc: urea plant is always part of an ammonia complex.
© tion was abou¥'19% of total nitrogen production, in 1973 The overalt chemical reaction 1s as follows .
. . 2 .
. it was Wbout 30% of the total (/). Its high analysis and lack ~ .
of fire and explosive hazards'(compargd with ammonium 2NH3 {(hquid) + CO; (gas)+-CO(NH2)z {salid) + Hz0 #vapor)
N N ” . z
gltrate) are largeIY res:ponSIble for |tls rowth. In‘the U.mted This 15 g0 oversimplification, but 1s sufficient for this pur-
tatestuﬂ(za tcaDaClt:’) 1s about equal {o ammonlu\m nitrate pose. A simphified schematic flowsheet of a typlc.al total
pacity {nitrogen asns)@but somewhat less urea nitrogen, recycle prilled urea plantis shown m Figure 6. The reaction
s consumed w agrlcultu 1t ts expecteqd that by 1978-80, glv6n above 15 endothermic and reqmres a sngnlflcant nput
L urea capacity (nitrogen basus) will exceed ammonium nitrate of thermal energy as steam to produce the solid prills. The
capacity {4) Production and distributon gost data show conversion to prills, of course, occurs only after the approxi.
Jthat urea provides low' sosg nitrogen to the farmerthan mately 75% aqueous solution In the s{/nthesus section 1 con-
. . does ammonium nltra’ie‘ n spite of }he \4tter’s producfron c'entrated In the evaporator to a 99+% urea melt at about
" energy consumption advantage (See section on ammonium 275°F. In addition, the indirect input of energy-intensive
. n!trate.) An estimated 3 million tgns of urea{1.4 x-106 ton ammoma significantly increases the energy “content’™ of
. rmrogen) was produced in the United States for agriculture prilled urea. The reactor 1s operated in the range of 2000
in the 4-75 season, about one-half of this was in the to 3000 psig and 375° to 400°F, dependlng upon the partic-
form of mitrogen solutions. *-ular process being considered. In practice, a large excess of
Process Descripton F 'y ammonia 1S maintained in the internal recycle loop to im-
All commercial processes uuhze/the‘ reactién of liquid prove the conversion constant .and tp reduce corrosion.
. . .,
N . -
- b Figure 6 . ‘
Schemauc Flowsheet of a Total Solution Recycle Urea Process ..
! , . . .
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-
The reaction does not go to completion, that ts, only 60

. ‘ &
- /

to 65% of the carbon dioxide 1s converted to urea in a .

single pass {with excess NH3) As a resuit unconverted
ammonia and carbon dioxide must be stripped from-the
urea solution in several decomposer stages by heating and
successive flashing to lower..pressure. After stripping, the
reactants are recovered in the absorbers and recycled partly

\

/ °
becoming less popu{ar In agriculture because of its low
grade (33.5% nitrogen) and hazardous nature. When existing

ammonium nitrate production facilities reach retirement, "
there will be a strong tendency to replace them witurea

plagts {See Section on urea.) however, there are some in-
« Stantes where ammonium nitrate 1s agronomacally superior
to urea, and ammonium nitrate also fits «nto the industrial

as aqueous solunqns and partly as free ammonia, to the —Sector (expﬁsnves) As a result, ammonium mitrate will

reactor for complete conversion,

Energy Requirements

As was previously indicated, the flowsheet presented
here was greatly si hfigd There are a number of modifica-
tions to the total fecycle scheme—too numerous to consider
here except as 0 actua) or pQtential energy requirements.
The energy requirdwfents are given in the following tabu-
lation (7). .

Tabulation B
Energy Requirements for the Production of Prilled Urea

Btu x 106/ton prilled urea?

Equivalent?
electrical

1.5
1.2
15

Hot gas recycled 0.1 ,

Total
4.3
31

1.4 2.9

0.4 0.5

Average (proven) processes = 7.5 x 106 Btu/ton nitrogen

Process Steam€,
28

1.9

Total solution recycle
'Strlpplng
Heat recycle \

~4

#NH3 equivaient energy not included; thus, data are incremental for
conversion of NH3 to urea,

bAL 10,000 Btu/kWh, assuming 33% overall emcwncy n s(um-
electnic generation. .

€Boler efficiency, 80% V.

dUnproyen but theoretically sound.

€Low because there 1s no cooling water or carbamate sofution
?umpmg. .

-

.
A

The ammonia energy equivalent (D.G ton NH3/ton ufea
at 34 x 106 Btu/ton) was not included,in the data, since it
would amount to doubfe entry in the final accounting of
energy totals Thé data indicate that conversion 'of ammonia
to urea ls far less energy intensive than the productuon of

_ammonia itself

it is estimated that conversion of ammonia to pritled

agricultural urea (1.8 x 106 ton) consumed about 0.006

quadrnillion {1015) Bty in 197475, while thgconversion to -

urea solutions (40% of total, or 1.2 x 106 ton) required
about 0.003 quadrillion Btu for a total of about 0009
quadrillion Btu.

Ammor}ium Nitrate

Ammonium nitrate is still produced in greater quantities
in the United States than any single nitrogen fertiliZe ex-
cept the ammonia from which it is made. However/ it is

Q \

N~

obably always command some portion of the total nitrogen
market. It is esimated that about 6 millioh tons of ammo-
num nitrate {2 x 106 ton nitrogen) was consumed in US.
agnculture in the 1974-75 season

(2. 2'x 106 ton solution, 3.8 x 106 ton prlls) {4). '

" The most médern process oonsnsts of reacting 55 to 65%
of nitric acid with the stoichiometric quantity of ammooia
at about 65 psig, under these conditlons, almost enough
steam is generated in the neutralization reactor to evaporate
the water (from the acld) in producing the solid {prilled)
product, .

Energy ‘Requirements ¢

The énergy requirements (incremental in converting am-
monia to ammonium nitrate) for modern pressure nitric
acid and ammonium ntitrate plants are given in the following
tabulation {8, 9). .

Tabulation C
Ene_rgy Requirements for the Production
of Prilled Ammonium Nitrate in a Modern Pfant

.Equivalent
. , . Btux108/ton
v- Process
Nitricadid: 0.81 ton 100%

HNO3/ton amrhonium nitrate *

Electricity, 0.81 x 5 kWh 904
©  Fuel.gas (ndtural gas} ' '

0.81x 0.82 x 106 0.66
Export steam, 0.81 x 1.7 M.Ib . =120
subtoal - £ . .. —0.50

NH4NO3 (prills)’ ! .
Electricity, 35 kWh 0.35
Steam, 1.25 M b - 1.06
Subtotal 141

e NET REQUIRED,
‘ " per ton ammonium nitrate 0.91
per ton aitrogen 2.7

Vi
'Ca(alyug reduction of nitrogen oxides in taif gas to m(fogen./

‘The data show that because of the highly exothermic
reactions, energy consumption per ton of nitrogen s less
than half that consumed 1n the average urea process {nitrogen

L ,

/o

NH4NO3 pritis ™~

¢

’

" basis). However, Bccording to White (70), an industry sur- ‘
vey indicted an energy requirement of abaut IBW
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" per ton of nitrogen {about 50% more than urea), These data

powbly reflect the maximum energy consumpuon by older
plants having little heat recovery hardware.

Itis estimated that in 1974-75 the conversion of ammonia
to prilled ammonlum nitrate consumed about 0.017 quadril-
tion {105) Btu and the conversion to solutions consumed
abou‘t 0.008 quadrillion {10'5) Btu {weighed average of
old and new technology) for a total of 0 025 quadrillion Btu.

- -

. Phosphate

General ¢

‘The projected P,Og rdquirement in the United States
through 1980 15 given in Figure 7:{4). The trend is toward
the use of greater proportions of ammonium phosphates
and though not shown here somewhat greater amounts of.
concentrated superphosphate; these increases are aY the ex-
pense of normal superphosphate.

TQese trends therefore indicate that phosghoric acid,
predominantly wet-process acid, will continue to be the
most |mportant phosphatic intermediate, and that sulfur,
which is used in all economical phosphatic fertilizér pro-

cesses, will retain its prominence in this are3 {773,
“~

. o . Figure,f N
’ ™, Projected Phosphate Consumption in the United Stal_sk\

!

Nitrogen' Summary

Calculations indicate that the agricultural nitrogen in-
dustry (ammonia,.ur'ea, and ammonium nitrate) consume/d’
about 0.412 quadrillion {105)-Btu or about 0.5% of She
totat U.S. energy consumption in 1974-75. Agricujtura)
ammonia production consumed about 450 x 109 standard
cubic feet of natural gas; about 2% of the estimated total
natural gas produced in that period,

-

It is estimated 'that of the 5.2 million tons-0f-P,Og con-
sumed as solids in 1974-75 about 3.2 million was as am-
monium phosphates and 1.7 million was as concentfaged
superphosphate with only 0.3 million tons as' ordmar'y
superphosphate (4).

Process Description — Raw Materials and Intgrmedia,tes

Nearly all agricultural phosphate is based on wet-process

acid which in turn 1s based on phosphate rock and sulfur

. {sulfuric acid). A small quantity of electric-furnace phos-

phoric acid may be used in agriculture, but it is generally

much too expensive-{24 million Btu/ton P20g vs. about
10 million for wet-process acid).

1
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Suifur .
The United States produced an, estimated 12 million
tons of sulfur in 1974, of which about 70% or 8.5 million

. tons was Frasch mined sulfur, the remainder was predomi-

nantly recovered suifur from sour gas clea‘up or sulfide’
ore-roasting {77, 12) Sotne of the suifuric acid produced
from the sulfide ores finds its way into phospha;e manyfac
ture but its impact s small and therefore is not accounted
"far per se in subsequent calculations. ' -

The Frasch mirtng process involves the, injection of
stearh or hot brrne nto a borehole and forciag molten sulfur
up through an annular space in the casing Sour gas IS
cleaned by scrubbing with an amine of & promoted cat*

~bopate solution and convemsgv the recovered hydrogen

sulfide to sulfur in a,Claus unil. The heat egergy, generaliy
from natural gas, required for Frasch sulfur varies widely
from Well to well, but a national average 1s about 8 x 166
Btu per ton sulfur. Recovery from sous gas requires only
about 0.3 x 106 Btu per ton.sulfur {77} .

It is estimated that desutfurization of oil requires about
27 x 108 Btu perton sulfur, but very httle of this sutfur is
utilized, The production of sulfur from the roasting of pyrites
(a small operation mhthe.U S.) requires about 0.4 x 106 Btu
perston of sulfur (r1)y ? » )

Sulfuric Acid *

']
Sulfuric acid is produced by burning molten sulfur that, .

has been atomized in burner . ups with a sufficient quantity,
of air to yield a gas mixture containing about 10% sulfury
dioxide and 15% oxygen, this 1s passed over a vanadium

pkide catalyst where the sulfur dioxide is oxidized to sulfur

tridxide at a temperature of 750" to 950°F, The gas is then
cooled (steam generation) and absorbed in water .in an
absorption tower to yield 98% sulfuric acid. Strdnger acid
{oleum) may be producet but is not required in fertilizer
manufacture, -+ -
The overall reactlon 1s highly exothermrc sO there is an
average net yreld of energy in thd form of modera!e pressure
‘steam, this amounts to about 19 x 106 8tu pef'ton 100%
sulfuric acid after internal electric power generation.

Phosphate Rock .
Phosphate rock s t\he indispensable raw material for all
commerciat phosphanc fertilizéss. There are other sources
(guano banes, etc.), .but these are Inconsequential, The
United States 1s still the largest single producer of rdek,
s estimated that nearly 46 mullion tons of rock were mlned .
in 1974. | .
Raw phosphate ore %s recovered, by strip, mining since

most of the Uni®® States ores are suffitiently close to the *

surface for this procedure In the distant future, however,
shaft mining may';have to be practiced Common practice is
to slurry the roughly crushed ore in water at the mine and
pump 1t to thgebeneficiation pIant_a‘few miles away. Here
the ore rsﬂsglb'through a series of.washers equipped with
T millimeter -screens so that plus 1 millimeter and minus
1 nfillimeter fractions are produced Thefracnohsare further\/

-
/ s . s, oy »

Q
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“treated in hydroseparators and froth-flotation units to re-

*

cover, on the avérage, about 70%of the nfined P,0s5 as

salable ‘product. The remarnder .in the form of shmes, or
vt

tamng.s‘ 1 drscarded

It ys estimated “that the’ average combined mining-
beneflkgt::ﬁboperanon requifes about 15 x 106 Btu per-

ton of rectvered P2 05 {77) :

Phosphoric Acid (Wet:Process) s .

As indicated previously, wet-process phosphoric acid Is
now the key intermediate in phosphate fertilizer production
and s therefore the key item in determining energy require-
ments fdr frnrshed phosphatic fertilizers. There are many
vfriations m processrng phosphate rock into phosphorlc
’acid sorhe of these-are the dihydrate process (dominant in
the industry), the hemihydrate process, and the anhydnte
process. However all conform |n general to the basic re-

* actiony belqw °
. CaygFy(POg)e + 10H,50, % 2_9527&_.
pMosphate; rock E&’ 7 s
N
» 10CaSQ4 - 2H0 + 2HF + 6H3P04
calctum sulfate phosphoric acid

dihydrate
(gypsum)

-
@

The finely groupd (=200 mesh) rock is continuously digested
for several hours wnh the sulfuric acid (93%). The resulting
“calcium sulfate (degree’ of hydration characterizes the pro-
cess designation) 'is filtered off and discarded. About 3 tons
of gypsum (dry basis) 1s produced per ton of phosphoric
acid or 4 tons per ton of P205 A simplified flow diagram 1s
shown in Figure 8. The produc;{ acid 1s generally about 30%
P20s, 1t s decehtrated to "merchant-grade”
54% P,0g, uSing the bypréduct steam from the sulfuric
acd plant. -

, Energy Consumption '
1

The estimated energy consumed in the production of
54% P05 merchant- grade acid 1s given in Table It {17).
Acud produced with Frasch sulfur requires aboyt four times
the energy as that produced from recovered sulfur

’

Grdnular Phosphate Products

As preylously mentioned, the predorrymant granular phos-
phates-are ammonium phosphate and concentrated super-
phosphate (CSP 6r *TSP) The future trend will be toward
even higher proportions of these products, toward the near
exclusion of ordinary superphosphate.” .

Process Description .

‘Ammomm Phosphate Drammonrurh phosphate (DAP),
having a giade of 18-46-0, is the most popular of the am-
monium phosphates. It is generally produced in a TVA
continuous rotary drum ammoniator- -granutator, The 4cid
(usually 40% P,0s) 1s partially ammonrated In a preneu-
trahizer to increase the degree of water vaporization. The

Le

“* resulting “melt’ is distributed over the rolling bed of recycle
’ . "
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’ . * Schematic Flow’ﬁ'nagrém of Wet-process Phosphoric Acid Process
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ACID
. 54% P50s v
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. s Table 11 ° ,
T ‘Estlmated Energy Consumptlon in the Pl;oductton of Wet-Process Phosphoric Acid /)
o = As Affected by Sulfur Souirce (Frasch or Recovered)
-2 hd ' L
. . s Tons Energy requirements, Btu x 108
) Material v material Per ton material * Per ton P05
. . . Ton acid -
A . @ ’ - 7T - P0s Frasch Recovered Frasch ~Recovered
., Sultur " * 093 8.0 0.3 7.6 03,
‘Sulfuricacid (60%)" 2.85 {-1.9 -1n9 b (s 1 . (-158
©. - Phosphate rock (32% P;05)® T 349 0. 4 0.4 1.5 + 15
ﬁé Product acid {30%)¢ 350 0. 2 0.2 0.7 - . 07
’:‘fi\ Product agid (54%)7 1.85 | 2 3.0 30. | 5.6 - 58
‘ kY N . 9 - . N
. ] A B T " . )
RN Net energly requnred/ton P, 0% as 54% acnd - 9.8 25
3 'Bypwduct heat energy I-). i )
bincludes mining {25%), beneficiation (12%) drying (63%), but not grinding, ( .
. <904 recovery of P20g: includes rock grifding, a .
dByprow heat 1rom sulfuric acid plant used to concentrate acid.  * . - i -
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fines n the drum and 15 further ammoniated with excess stage reactor .. The resulting .slurry flows to a pug mill
ammonia to an NH4 H3PO4 of 2 The resulting (blunger) mixer where 1t 1s intimately mixed with cooled

granules are grlw,, screened, cooled, and sto A sche-

undersize and crushed oversize from the product screens.
matic flowsheet in sibwn in Figure 9,

A high recycle ratio {recycle to slurry feed rates) of about
1271 is required. The granulatipn occurs in the mixer and

Granular Triple Superphosphate The most modern TSP, the dryer following. The granuldr material is screened,

process, which is In widespread use, 1s the continuous direct cooled, and sent to storage. - .

granylation pro Wet-process phosphoric acid, usually A schematic flowsheet of the direct granulaf triple

‘about 40% P70s . ds reacted with phosphate rock n a two- superphosphate process 1s shown jn Figure 10, N
. i Figure 9 . ‘

.
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- T Schematic Flowsheet of the Direct TSP Granulation Process
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Energy Requirements (11) .
The esimated energy required n the production diam-

monium phosphate and triple superphosphate ;s shown in

the following tabulations = -

Tabulation D
Estimated Energy Consumed in the
Production of Diammonium Phosphate

—

Energy required, Btu x 106

. . per ton product P205?
: Frasch Recovered
Matgrial or prockss step sulfur sulfur
Wet-process phosphoric acid ) 98 25
Ammoniation and granulation 0.2 0.2
Product drying 0.8 0.8
Totald 108 3.5

2Not including energy equivalent of nitrogen content.
Tabulation E
Estimated Emergy Consumed in the °
Production of Triple'Superphasphate

Energy required, Btu x 106
per ton product P05

\ Frasch . Recovered
_\Materlal or process step sulfur  Sulfur
Phasphate rock® T 04 s 0.4
Wet-process phosphoric gcid 70 . 18
Amdulation and granulation 0.1 . 0.1
Productdrying , 0.8 08’
Total 8.3 3.1

4Ground rock, equ\,at'ent to 30% of total PoOg
- ) L d l
Excluding the energy equivalgnt of 1ts nitrogen content
(to avoid double entry 1n totals), the estimated energy con-

- triple superphosphate appears to have a significant energy o

Btu per ton of proW 106 for
triple superphosph pending upon the sulftir source.

Where‘frasch suifur 15 used 1a production of digmmonium
phosphate and triple superphosphate, the data show that

advantage dver diammonium phosphate. However, the P,0g
contents of both materials are the same, so 1n" shipping 1
ton of P,0g the diammonwum phosphate provides a zero
shipping energy cost for 18 units of 'low-cost ammonia-
nitrogen, whereas the triple superphosphate"'carrres" only
a calcum diluent, which .15 of minimal value in most
instances.

-

Liquid Phosphate Fertilizers (77) *

o
"Although the productron of solution and ‘suspension

{slurry) fertilizers 1s growrng\rapldly, somethmg less than

10% of the total P205 utihized in the United States 15 In

the form of liquids. This would amount to perhaps 0.8 x 106

tons qf P05 or about 5 millon tons of hqurds:havrng an

. “average P,O5 content’of 16%. ~ ’

At first glance 1t would appear that the processrng of

phosphoric acid into liquid N-P grades (base sofutions) by. \

ammoniation would be no_more energy® intensive than 0

diammonum’ phosphate w:thout the drying' step. How-

ever, in He United States’ liquid market the demand s for

the clear wet-process supgrphosphoric acid rather than

black orthophosphoric acid. It is esmated that at energy 4

charges of nearly 3 x 108 Btu per ton P05 for rock eal

cination (clafity)’ and 2,x 106 Btu per ton P,0g for

concentracgon (superpho’brlc acid) the "energy premium”

may run to nearly 4 x 108 Btu per ton P,05 over dried -

diammonum phosphate (19).

¢

Phosphate Summary . T

Calcutations ‘indicate tgat. the phosphate fertiizer in.
dustry (phosphate rock, phosphoric acid, ammonium phos-
phates, concentrated superphosphate, etc.) consumed about
0.0628 quadrillion (10'%) Btu in 1974-75 or only0.1%

. N —
sumption for diammommss-phasphate js about 4 to 11 x 106 of the total annual enery consumption in this country.
R ——— . . -
w‘ N ’ N ¢ A
* R - 2 Lo
) 7
A . ’ Potash . S
. . 0 -, ) ? |
General . ' that about 65% of potash “consumed 1 1974 75 was im- £
¢ ~
Potash, muriate of potash, knd potasslu%\ chlotide are ported,'pumanly from Canada. - ) N
synonyms for the | muneral syllle, which hasbeen deposited . ™ The potassium chloride {sylvite) makes up about 90% of *
underground in eons past. It 1g fhought they reserves of the agricultural potash used 1n the United States—whrch was
over 50 fnllion tons of K50 [fotassiur equivalent) about 4.5 million tons K20 (See Figure 11)jad97475(4).
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exist throughout the world (7). Unfortunately, unlike most
phosphate deposits thit are accessible by strip mining, pot-

- “ashdeposits are nearly all at depths that.require underground

mining. Al;ro anfortupately, the United States became a net

imperter of potash in the early 1960's and it is estimated

— 2
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The remainder is frﬂ:lpally Iangbelnlte 2504:2MgS04. ~
Again, unlike phosphate rock, the potash salt;,_ once
beneficiated (separated from impurikes in the rqw,? ore),

do not require further processingbefore uséﬁhey areappled .

to the soil 1n the form in.which they are produced. —
- o Qe
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Process Description .

The potash ore 1s recoyeﬁg&mm the deep beds™in two
ways, First is conventionat t and tunnel mnmng, which
accounts fqr about 85% the ‘total potash produced in
this country. The@other 15 splution mining—in this approac
irl its simplest termg, a
through the. deposgt

“‘unlocks” the
i
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sylvrte crﬁt.als from the principal lmpurlty, hajite (com -t

mon salt), and separates the two compounds Thls is a
.rathgr compllcated chemical treatment’ and flotation pro-
cedure that is so reliable that plantsgabing capacities of up,
to 6000 tons per day of &ustbed prodtict are not uncommon,
A sumphfled schematic flowsheet of the treatment process
is $hown in Figure 12,

In tﬁ solutnon r’ng process, the out-coming saturated .
brine.from the deboﬁt-ﬁ simply cooled*in vacuum evapora-
tive coolers; the potassnum chlo;lde preferentnally cl;yétal
. lizes, leaving the sodium thonde in solution, This solution
is reheated for recycling to th&xmme Y
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- - Energy Consumpr/on

The estimat eneﬁ consﬂmptnons f% the two mmmg
procedures are given in the following tabulation (7).

- v

Tabulation F V

Estimated Energy Consumed in the Productnon of Potash

v . s Energy required
o oo *  Btu x 106 per ton K50 .

. Solution mining Shaft mining *
Mining # 68 ° 2.2 .
8eneficiation 5,6 (crystallization) 1.0 (flotation)

' Total 124 3.2
) . .
’ \

0

Nitrogen Products

-~

" ‘About one-half of the anhydrous ammoma capacity in
the United States s located on interstate gas pipeline and
thfother half is located at intrastate gas supply points (10).
Obviously, all the gas must be collected and transported to

-—

Transport of Raw Materials

l\' .
*

The data indicate that the solution, mining is fourfold

more energy intensive thah shaft mining However, it has

been clanmed that theoriginal expenditure of energy re-

' quired to open the mine are so much tess for the solupon

mine that the hlghe! operating energy requirements are off-
set Data concerning this point are not publicly available.

Potash Summary '

CaJculations indicate that the ‘approximately 2.5 miltion
tons of K0 (as KC1) produced w the United States*in
1974-75 required about 0 011 quadrillion (1018} B¢, or
about 0.01% of the total annual consumption of egergy
The remamder (2.0 x- 106 to;\ K20) of the total consump-

tion was nmported 3

L)

I rﬁred Product transport energy is.covgred in anothér
section.

v
.
- ,

N .

Raw Material Tranm’fnergy Summary

.
v

“Since potash s invariably used “as is’"and is produ, v
(beneficiated) at the mine, no i material transport egfify
o’

-
9

.

)

o

°y

' ¢

* fn precedm tions, the estimated direct energy-e.
qmrements for‘C producnon of the principal nitrogen, ¢
phasphate and potash fertiliZers were calculated. In this
section, esgimated’ energy requirements for the ,storage,
transportatic,;n, and field‘d istribution of th&.‘l 974-75 country-

65

ERI

Aruitoxt provided by Eic:

Cher'nlical Fertilizer Djstribution

" the ammonia plants. A“rough estimate, is that the average The energy required per year~to transport raw materials
, transport dlstance 1s about 200 miles. The-estimated energy to the fnanufacturmg plants I1s summarized in the following
consumed . jn transporting the 450 x 109 SCF per year of - tabulation. :
’ natural gas is only about 0.00088 x 1015 Btu per year, - -
- . Tabulation G
Phosphate Products \ \ o Summary of Annu Energy'Requttemems‘
. About 30% of the phosphate capacity is*on the Gulf for Raw Material Transbortation -
Coast (Texas, Louisiana, Mississippi) near sulfur sources - )
but these plants must’import rock-from Florida or North 4 Annual transport energy
Carolina, About 50% of the capacity 1s in the Florida Products? required, Btu x 1015
- _Phosphéte fields but these umts%must import sulfur'from Nitrogen = ]
Texas or Louisiana. Of the remaining 20% of the plants,
10% must import both rock and sulfur, and 10% must Netural gas transmission . 0.00068
re sulfufonly However, calculat:ons indicate t'hat Phogphates.
ohly 0.00457 x 10'5 Btu per year is tequired for this  °, Phosphate rock 0.00235
. /rather cemplex transport system. " Sulfur \ » 0.00154
w Potash Products _ h ' Total . 0.00457 .

—
#Potash not 1nvolved fnce all beneficiation 1

»
s?t the mine, only ,
- product transport,involved,

A .

3 ; r\—r-J
wide fertilizer mix s calculated. |

-

\

. -

The estimated fertilizer mix together' with modes of
transportation, average transport mileage, and number of
tensfer points are given in the(ipllowmg tabulations,

At

.
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L3 ¢ -
- . Tabulation H
. Estimated, Fertilizer Mix and Mode of Transportation
B . and Aggrage Transport Mileage, 1974-75 .
Co. ) Annual t}:nnage Mode of transport, 106 tons
' Ma(erial x 106, , Rail Barge | Pipeline Truck?
In-Plant Use N -
. Anhydrous NH3 * a37r Y. - _ - -
Direct Application ’ : ' .
Anhydrous NH3 , 38 06 21 11 . 38
_ N solution 4.7 2.2 25 - a7
Ureapnlls = . 1.1 0.6 05 - 7 10 7
Ammonium nitrate prills* 42 . 2.7 5 - 4.2 *
Mixed NPK 250 - 10,0 15.0 - .25.0
*  Phosphates , 38 2.3 J 1.5 - > 3.8 -
Potash 4.5 3.0 1.5 - 4.5
' | A P
, Total tons 47.1 214 24.6 1.1 47.13
< Estimated transport mileage’ 500 8Q0 "600" 1052
. Estimated energy consumption, © 9 R ’ ,
. Btu/ton mile . 670 ¢ 550 450 2400

A1l matenal eventuallv trucked, average 100 miles from terminal to tetail outlet and S miles from retailer to farm ga(e
bTnis tonnage notadded to figures in column below, 1t was used in producnon of the products below
. CAverige of several sources (2, 1113, 14). ‘

" From these data, calculations of through-storage energy . P HA

requireme‘nts at three transfer °points, of long- and short- s:‘,mmaryé‘:‘fegt;f:;:al:i::nr::::r Annual :
distance freight energy réquirements, and of field digtribu- , «
tion energy requirements were made. The results are sum- The summary of data presented in the previous sectlons
of this report is shown in the following tabtﬂatlon

*+ marized in the following tabulation: ®
. o :I"abulaﬁon i ) .- TabylationJ } . ‘.
) Summary of Distribution Energy Requirements Per Year | Summary.of Annual Chemical Fertiizer~
i 1 Quadriltion Energy Requirements .
b ' (1015) Btu/yr. < —
— ; . Annual energy requited, Btu x 1015
Storage Energy Requirements ' , -
Anhydrous NH3~in-plan 0.0006 Item Nitrogen {Phosphate [Potash| Total*
.. Anhydrous NH';;-!b:e##::siel' points 0.0014 Raw materials prepara- ' .~ F
= Nitrogen solutions—three transfer points 0.0034 tion and conversion
Solids—three transfer points 0.0162 - to fertilizers 0.412 0063 |0.011]0.486
Total ’ 0.0216 Fertilizer .
. otal-storage ‘ . distribution? - - - 10.061
¢ Transport EnergwRequirements 4 Raw materials .
3 Rail 0.0072 transport 0.p007 | 0.0038 | 0 0.005
° Barge ’ -+ 0.0108 ) :
° Total . ¢ .
; Pipeline | ‘ 10,0003} = - 0.552
) Truck ' " 0.0119 3 ncludes field apphcation, complicated fertitizer mix prevents a
T Total—transport 0 ‘—OE)—Z -~ realidic Breakdown between nitrogen, phosphate, and potash,
A . Field Distribution Energy Requurements 7 ' The total estimated energy consumption of:0.552 x 1015
Anhydrous ammonia 0.0025 ~Btu per year by the chemical fertilizer industry amounts to
.t Nutrogen gglutuons A . -~ 0.0009 ¢  about 0.66% of the total estimated 83 x 1015 (quadnllloh)
. Solids. ) - » «  -0.00683 Btu. As indicated previously, the total agricultural ‘system
N o Totai—field distribution - . offB87 8 utilizes an estimated 3% of the total energy consumed;
VI therefore, chemical fertilizer energy consumptlon is about
“
Total distribution energy required 0.0605 23% ofvthe total agrlcultur9| systen? requirements, . .
P ’ v 66 ] . P
Q o .
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ENERGY RESOURCES FROM ORGANIC MATERIAL

William R. Fox ’ *
Head of Department
Agricultural and Biological Engineering Department
Mississippi State University
Mississippi State, Mississipp/

In accepting the responsibihty to lead the discusston on
energy resources from organic materials ! was diven a great
xibility in preparing my femarks. | want to ac-
knowledge the tremendous asslstance from members of an
undergraduate ‘Tminar and a graduate seminar in the Agri-
cultural and Biologic'al EnGineering Department during the
fall semester of 1975. These young people were invaluable
in helping ‘track down various sources of information. We
did not discover that mary agricultural research organiza-
tions have conducted research regarding energygproductlon
from'agricultural crops. The time may have come in which
we need to direct part of our resources In agricultural re-
search, education, and extension, to developihg strategies,
processes and systems for production of enerdy from -
ganic material. '

As the race between the provnderg.of ‘energy and the con-
sumers of ene‘rgy continues, 1t becomes ratter clear that we
must increase our available sources of energy if our quahty
bf life, and, possibly, the survival of humanity 1s to con-

inue, Professor Murphy (7} states that: 0
We are eating away our energy resources not with-
*standing the advénced technology used for scien-
tific agriculture every calorie of food consumed re-
quirés ‘about four calories equivalent of energy
sources, out of which one calorie equivalent of
ftgel for growind and supplying the good to the .
consumer, and tl?ree calo:jes equivalent for cook-
ing.that food.

Of course the only reason for utilization of er{ergy in thé

first place is to sustain and improve life for humanity. With:
alfl of the vanous energy, sources presen(lv used by human-
ity, fossil fua/s, eléctricity, hydroelectric power, organic
material, wind power, etc., the primary source of this
energy ts supplied by "OktSol . sunslyne Our solar enefgy
is pature’s way, of suppl»ymg energy to.us by controﬂed
nuclear fusion, We are attempting to develop processes for
<control of nuclear fusion; however, this may not be on the
immédiate horizon and may not offer a salution in the long:
run. As long ps the sun continues to shlne on planet earth
we essentially have a renewable Source of energy. When the
sun fails, life asweknow it to exist on planet earth will,cgase
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to exist. Then the question of supplying energy will become
'‘a moot point. , - .

» Even though we are discussing energy resources from
organic material, 1n redlity we are discussing sources of
er?grgy from solar radiayion. The organfc material happens

L2
~

to be<a very effective collective and storage device. Sigce, -

our primag¥ souce of energy from organic material wf be
solar enefgy, a quick review of the availability of solar
energy is in order. Morse (2) 5tates that \'G#ffar energy
arrives on the surface of the United States at ) average rate
of 4000 kcal/m2-day or about 4,18 x 1 cal/km2- -day.
Over a period of a‘year a square kilometer would receive an
average of 1.53 x 1012 kcal._In 1970 the total enérgy con:
sumed by fhe United States for ali purposes was about
16.4 x 1015'kcal.” o

The basic energy conversion in growing plants is the
photosynthetic conversion of carbon dioxide to a biomass.
Klass (3} states that this conversion can be represented by
the following equation:: . ..

COp + H20 -+ lght CMOPMYIL (o 00+ 0,

Klass(3) state! that:
Carbohydrate is the pnmary product For each
gram atom of carbon flxed about 112 kcal are ab-
sorbed. Oxygen liberated in the process gomes ex- ‘
clusively from the water, according to radioactive
labeling experiments. The prerequisites for carbon

_dioxide fixation and biomass production. are car-
bon dioxide water, light in the visible regipn of the
electromagnetic spectrum, a sensitizing catalyst,
~and a living plant. -

Klass (3) gtates that:

. The first pathway of carbon dipxide fixation is
called the Calvin-Begaon 3-carbon®cycle, after its
discoverers, and invms an initial 3-¢arbon Inter-

. thediate called phosphoglyceric acid. C3 (or 3-
carbon) plants.exhibit lower rates of photosyn-
thesis at low light saturation poipls, sensitinity to
oxygen conéantration, photo piration, and a
high carbon dioxide compensatlon point (about 50
ppm). The carbon dioxide compensatlonpomt is
the carbon dioxide concentration in the surround- .




~ L

ng e;\v:ronment below which more carbop dioxide
is respired by thé plant than s photo'synrhetlcaﬂy
fixgd. Typicat C3 plams are ‘peas, sugar beets, and
pmach .

The second pathway s called the 4-carbon or Cy4
pathway because the carbon dioxide 1s initially
fixed as the 4-carbon digarboxyhic acids, malic and
aspartic acids In contrast to the C3 plants, planps
classified 1in the C4 category have higher rates of
photogynthes:s,
sepsitivity  to Oxygen . goncentrations below 21
mole percefit, low levels of respnrat'non, low carbon
dioxide compensation points, and-greater effi-
ciency of water usage. C4 plants often occur in
areas of high insolation, hot daytime temperatures,

,and seasonal dry periods. Typical C4 plants in-

clude the tmpaortant crop plants such as corn, sugar-

h:gh hght saturation points,*in-*

cane, and sorghum, and forage species and tropical _

grasses such as bermuda grass, sudan grass, and
even crabgrass Today,.at least 100 geneya in 10

plant famdies are known to exhibit the C4 cvcle.
*

The third mechanism of carbon dioxide fixatioh is
called the Crassulacean Acid Metabolism or CAM
cycle, which involves malic acid intermediates. THe
dnstmgunshlng features “of CAM plants are a very
low gas exchgnge rate during the day, and the
abihity o fix carbon dioxide 1n the dark Plants in
this classification are typically adopted to drid &n
vironments, have fow photosynthesis rates, and
have water-usage efficiencies. Examples are cactus
plants, and the succulents sych as pineapple. Rela-
twvely few cam plants have been exploned com-
mercially.

One would expect that the photc;symheti'c process 1s not .
100% efficient. Certain energy losses do occur. Scbnelder
{4) indicafes that *

Energy losses can be. divided into three groups
{14 Tosses due tQ the photochemical and b.ochem
ical mechanisms involved dnrecﬂy in photosyn-
thesis, {2) other losses due to the type of plant,
the physlcal environment, agricultural practices,

* wespiration and physiological factors, and (3) losses

due to disease, grazing and insects. Some of these
losses can be drastically reduced by changes in
agricultural practices {improvement of cultivation
and harvestin§ methods, including use of irriga-

“ton, fertiljzers, etc.) Estimates of the magnitudes

of the losses, which are influehced most by agricul-
tural practices, should indicate possvble gains 4n
crop yeld. All activities whmh add supplemenury
energy to the crop, and- all agricultural_practices
which consume energy, must be totaled and sub-
tracted from the energy yield. It ss frequently
difficudt to include all of the energy inputs.

, cated that:

.

According to Schneider (4) the maxmmum effucuency that
Is available over the entire solar spectrum 1s approximately
11% conversion efficiency Coupled wnh the maximum
plant conversion efficiency of 5-6%, he indicates that this
will ‘be fimiting .conversion effncnency In terms of crop
growth yield - .

Even though a .conversion efflmen&/ of 5-6% does not
sount very large, ‘this 1s significant when considered that
the present conversion effictency of plants 1s estimated ta
be approximately .4% However, agricultural practices can
be developed and some”are presently available that resuit In
high daily yietds Schpeider (4) indicates that

Achievement of high dally yie ds approaching the
56 percent:,fgnversnon efficiency have been re-
portedr Attainment of these yields on an annual
*  basss would result in crop production of 60-100
metric tons/acre each year. The best racorded crop
productivities I 1n the range of 30-35 metnic
tons/acre yéar and are achieved by several tropical
grasses. Wat;er hyacinth 1s expected to be.capable
Jof yields of 45-60" matric tons/acre per year when
cultivation .goceéds undgr careful management.
Sewage‘grown algae could yield 20-30 metnic tons/
acre year while”some temperate forests exceed 10
metric tons/acre year. {All of these production
values are dry organic weight). In the range of 10
metric tong/acre yezzr—ZO metric tons/acre year |,
fall many temperate species_and it is_this range
'$ that can be reached with any number of drops
inckuding many natural ecosystems as well as égn-
cultural crops.
i . ~

Dalai (5) n his dlSCUSSIOn of_environment, enérgy and
the need for new technoIOgy indicates that photosynthetic
fuels offer exceilent posybilities. He states that: *It is possi-
ble to use highty efficiefit grass or fast growing crops energy
producing biomass % - '

» Wolfe {(6) in h$ ussionjof potential impacts of solar

energy indicates th3t converfion of sunlight to chemical

energy via photosynthests has excellent potential He ind-

\

The conversion of ;unllght to stored chemical
energy via photosynthesis has been utihzed by
man for approximately 11,000 years through agri-
culture for the production of his food, of feed for
his domesticated animal3, and of fuel. Now, these
photochemjcal processes are being reinvestigated
“for thewr potential for energy generation. The ad-
vantage of the approach s that it results in stor-
able and transportable energy, which can be in the
form of gaseous or hguid fuels. The approach
generally consists of twp states. first, the produc-
uon of carbohydrates through utilization of pho-
tosynthesis, and second, the conversion of

chemical corﬁpounds into fuels of higher energy
density, as methane ortyydrocarbon oils For

. A




both stages, biological and technological processes
are undertonsideration o "

duction of carbon dioxide from the atmosphere to
form garbohydrates, would be an extension of
present agricuiture or forestry methods, These
methods generally operate with an annual average
a efhme‘ncy well below 1 per cent. Using improved
methods for the cultivation of plant organisms, 1t

1s hoped that this efhmency can be raised to
approximately 5 per cent. While efficiency per se

R would not be of concern, it becomes important
through the Irmrted solar energy fiux, and there
fore enters into consrderaqpns -of land use and-
process economy As a rile of thumb, average de
livery of 1000 MWh per day of energy in any form
at 10 percent efficiency requires 2 5 km? (1 m|Ie2)
. of horizontal area in tht US.A As far as cuitwva-
. tion of land plants,is concerned it 1s not known at
this time to which degree energy crops might inter

o fere with other land uses ,

The fuel that 1s most easily obtalne‘d from plant

— matenal is charcoal At least in the case of wood,
simple standard methods have long been used
Charcdfal 1s an excellent fuel and could be used for

4 the production of electrical energy, in the same
way as coal or oil The basic question I1s whether

the amount that could be produced 1s adequate

- There aré two possible ways of producing this fuel.

Levitt {7) states'that

.

(1)" Farms that produce compleﬁte consumed crops
{e g hay) would have to find additional land to
grow the plant\ material which would be converti-
bie into charcoal (e g wood} (2} Farms that har-
vest only a part of the plant materiai (e g. the fruit
or grain} must harvest the remalnder_ for' conver-
! . sion Into charcoal, Carn beloggs to the second
group. Agcording to the calcinons of Pimentel
- et al. (1973),,a totai of 1 kcal fuel Is required for,
every 28 kcal corn produced by modern meth-
ods of agriculture. This means that erbugh of the
- i vegetative part of the corn plant must be harvested
- s " 3 fuel to equal 1/3 otghe grain crqp
A .
Y . Welnberg {8) states that we are producing +'158 billion
tons per 4ear of cellulose That's about 150 Ibs of cellulose
“ per.day for each person on earth.” The quesfion then B
eomes How can we convert*this biomags to @ form of
energy reachly stored and converted for use by each con
sunher? Several possibilities exist 1 wish te indicate at least
th\ree formssthat have been proposed THese are utilization
of the solid material asa direct "energy, soutce In thermal
canversfon That is S|mply burning the sohid materlal (2)
gasification and production® primarily of methane and (3)
the production of methanol.

Aruitoxt provided by Eic:

The biological processes for the first stage, there-

7 ergy plantation”

Szego and Kenip (9) indicate that

The technology required for burning energy plan
tation fuel 1s already available whereas much tech
nmical development still remains to be done before
breeder reactors will be as ready for everyday
operation For exampie, wood burmng boilers that
generate as much as 800,000 ibs/hr of steam at
1250 psig and 950°F are commercially availabie
Such a boiter will support an electric generating
capacity of about 80 mega watts. .

Szego and Kemp have indicated that conversion of wood
and solid cellulose products i1s the most economical conver
sion of the solar energy available to us They indicate that
the photosynthetic process |s.est|m§‘ed to cost S1000/kw
whereas the photothermal process is approtimately $5,000/
kw and the photovottaic s about $100,000/kw. Thew esti
mations are that approximately 370 square miles of a‘‘en
1s required to .support a 1,000 mw base
load generating plant. This 1s essentially equivalent to the

*amougt of land area required for pulpwood production In

-order to support a 1,000 ton per day pulpmill Assertions
by Smith (70) that approximately 70% more wood would
be required n order to make a pulpmill selfsufhment n
terms of energy useage Most of us shudder at the thought
of supplying an additional 70% more pulpwood in order, to
produce the paper products required by present day society
However, Mr Smith indicates that it is possible that we can
capture the “green junk' feft on the tree plantatiens as a
part of the puipwood industfy and utilize this material
Estimates range as high as 50 to 80 per cent material left on’
the forest site This material could be used to power a
boiler operation and provide the necessary energy for the
paper milt *Of course an immediate question 1s What about
the energy required to collect and transport-this matenal to

" the mill? The amount of matenal nekded te transport tos

the mill would be @pproximately 1600 tons of wood mate
nial per day to produce 10.5 tulfion Btu’s which is,necessary
to pgpcess 1,000 ton of pulp per day ‘Smith indicates-that
only 1/5 to 1/4 of the todal biomass produced each year Is
utilized as matenal for thSQulp operation He suggests that
the remaining biomass could be used to provide the soutce

. of energy for the plant operation

The gasification process of nonfosstl carbon, which is the
material produced by our growing plants can be converted
to methane Kiass (3) states that:

in '(he bptlmum gasification process, the total
plant, including water and nutrients, could be ac
cepted as a feed and gasified to produce’methanﬁ
and residual, water. slurry suitable for total recy
'chng Anaerobic digestion appears to be the closest”
to the i1deal process Water sturries are required for
digestion to take place, and it has been demon-
strated that the resrdual hiqusd-solid slurries from
commercial munlcrpal dlgesters are effective fert
lhZers




Klass (3) further indicates that the biomass production
from 1.3 x 106 to 326 x 106 actes has a potential of pro-
ductng synthetic natural gas at an estimated cost ranging
from $73 to $11 per 106 Btu This estimated cost com-
pares to the present cost of natural gas at a cost of S 5¢°
$2 50 per 106 Btu This production from the*1 3 x*106
(0 3% of US crop 1and) acres s estimated to produce 1 bl
tion cubic feet/day of synthetic natural gas.

It has also beep~sugdested that a norifossil carbon could
be an excellent source of methanol production Daley (77)
indicates that alcohol can be used as a fuel in internal com
bustion engines He indicates that a bushel of corn and a,
bushel of wheat can each produce nearly three gallons of
pure grain alcohol Reed, et al {72} indicate that methanol
offers a particularly attractive form of solar energy con-
version since agricultural and forest waste produc(s can be
used as a starting material '

A few comments are in order regarding the use of agri
cultural wastes and by-products as’a source of energy. Other
speakers have covered this topic in detai! but a few com-
ments are fry order, Freedman (73) indicates that there are _
several types of wastes that may be used as energy sources
including plant and animal ‘wastes

\Y

Knight, et al (74) ‘s(g,a}e tha(:&, o, .

Agncungral wastes represent a potential source of
energy, and the utihzation of these wastes as
energy' sources would be of tremendous benem;o/
the agricultural interestd of this country It would

+ change the status of a waste n:a(enal to that of a
resource, and provide much needed fuel from are
newable resource It would eliminate disposal and
pollution problems now associated with the wastes j‘
The steady flow, low temperature pyrolysis proc ’
ess developed at the Georgia Tech Engineering Ex M
periment Station 1§ a system that is capablé of con-
verting the wastes into fuels The process has beest P
developed from bench scale to a pilot plant scale
and finally to a large scale demonstration facility
capable of feed ratesgof 50 tons/day of dry
material The char and pyrolytic organic “fiquid

& represents useful solid and liquid fuels that can be .
transported economically The heating values of

« the chars are In the range ‘of 10,000 to 13,000
Btu/lb ard the heating values of the pyrolytic
organic liquid are in the range of 10,000q(o 14,000

. . .
. LI

El

- total energy need of 1

4 o

.Btu/lb The char and the pyrolytic organic Ilqmd-

«” can be mixed to form a char-oil mix which can be
burned directly in existing facthities. Agricultural
.wastes are very low n sulfur, and therefore the
fuels from them are law 1n sulfur The air emis-
sions frém the burning: of these fuels would bg.
very low in sulfur dioxide The demonstration of
the portabihity of the EES waste converter system
wogld provide a means for the utilization of large
quantities of agncu!tural wastes that are not now
readily available The EES pyrolytic process offers -
a proven process at the commercial prototype
stége for the utihization of agnicultural wastes an8
hgnocellulosic matenials as energy sources by con- |
verting the materials into clean burning fuels

Several researchers have indicated that the production of
methane ga® from animal waste offers a distinct possibility
McDonald (75) indicates that we can expect 14,000 cu. ft./
day of gas from a 100-cow dalry' After using 6,000 cu. ft.
of this to support the digester at 700 8tu's/cu. ft. he Ind:-
cates that the remainder I1s more than enough to satisfy the
-cow dairy farm. ’

Some people even

belch an estimated 50 mullion tons of hydrocarbon into the
air each year They claim that 10 cows burp enough gas in a
year to satisfy the annual space heating, water h(tnhg and
cooking requwemen(s for a small house | offer no sugges-
tions for development of systems and devices for collection
and storage of this hydrocarbon fuel, but agricultural prog-
essors have long ¢Jaimed that the only thing not captured in
the processing of pork is the*®squeal.” We may want to
capture energy at bo(h‘bnds of the cow.

Irﬂummary, we have some exciting opportunities on the
horizon concerning enérgy resources from $ganic materials,
particularly supphied by agnculuiral production, My pur-
pose was to encourage education, research, and extension
organization3 to assume their responsibiiities including in-
vestment of necessary resources to prgvide alternate energy
sourcés. Agriculture first permitted humanity to develop
other talents rather than just be “food collec(ors “ We n

L,into the 21st century with the neqessary energy to become

N <;gllculture now have an opportunity tg help people move
0

ruly a whole person. ’ .

4, | |
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Energy utilization in pest management has received the farm, and application is obtain®d from fossil fuels.

. acquisition of basic raw materials, construction of manufac- ' increased significaptly in recent years, prices have doubled

turing plants, preductiop ‘ot pesticides, transportation to I during the Ias\‘se ‘eral months.

v
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B . Procedures For Estimating Emergy Utiliéhtion g d
‘‘‘‘ L o 3 in Pest Management o7 .
‘, . . . \
. The scanty literature availatfle on expenditure of energy ave‘rage,' Heichel (1973) used gallons of fuef'equiréd per..
N in ayricuiture has beer);liased on information developed for acre, or dollar values of fuel and repairs converted to gallons
- several crops on yisililiignuts, and on varidble™and fixed of gasoline or diesel fuel at 28 cents per gallon, and to
N tarming costs. Heichel ( 975)_ and Pimentel et al (1974) energy at 32,000 Kcal per gallon; he used the value of energy
. havg uted data of the sort available on sefected U.S, cr'op‘ as dollars of goods and services at the 1970 rate of about
s budgets and in varjous publications on agricultusat statistics 17.4 Mcal doMar*1 in his calculations. R
as a basis for estimating energy utilization for a number of Pimentel et al {1974) used the value of 9570 Kcal pers @
crops. In general, “costs of production were calculated from liter of gasoline and 24200 Kcal per kilogram of pesticide
Yald areas with yields cgmpa‘rable’ to the national or regional- In their estimates of energy utilization. Their procedures
' ) SR 3 ’ ‘ 5 "
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- ‘ o7 Introduction

« relatively little attention until recently Indeed, utilization = The amount of energy required for production of food
in all of agriculture has received much less attention than and fiber 1s increasing more rapidly than in many other seg-
" deserved, Recent adverse developments in availability of ments of world economy. Pitnentel et al (1973) estimated
fossil fuels from foreign sources haye created_an awareness that-energy inputs 1n corn production in the United States
of the acute need for information on energy requirements increased more than three:fold from 1945 to 1970 and now
in agriculture It is a well-known fact, recently empha‘sleed amount to 7.1 million Kcal/ha, the equivalent of about 743
- by Wittwer {1975), that a major part of the total require- liters of gasoline per hectare. Energy required in pest man-
ment for energy in agriculture 1s supplied by illimitable re- agement ificreased at an even greater rate during the same
newable resources — energy from sunlight for photosyn- perniod. - y
thesis and the anaerobic fixation of atmospheric nitrogen, in . The rapid accelergtion in use of énergy in agniculture is
forms available for cfop use Nevertheless, a larde subgllix of emphasized by the :gct that the world population doubled
energy from fossil fuels_is a major contributor to the Y during the last 30 y- ars, but energy consumption doubled
cess of American agriculture. McColty {1960) has estimat during the last 10 years (Pimente! et al 1974). No similar '
that agriculture uses about 10 percent of the petroleum estimates are avaifable for trends in energy utihzation in
products' marketed in the United States, . ‘ pest management. Because of the trend toward more ra- -
Propartionally, energy® subsidies from fossil fuels are tional pest control practices, i1t 'appears reasonable to be- |
greater for pest managemeqt than in most other agricultural; , lieve that energy requirements for ‘pest management may
operations. Pest control is still largely dependent upon use:‘ have remained relatively static during the last 5 years. Al-
of chemical pesticides Much of the energy involved in the |, though energy utilization in pest management-may not have




were used to estimate energy utilization in pest managemen(
systems for cotton and soybean in Louisiana during 1975
Information on average numbers of application, kinds, and
*amounts of pesticides applied .was provided by county
agents, producnon specialists, and growers These dz‘;(a were
used to calculate a¥erages. Obviously estimates arrived at In
this manner are subject to substantial errors However, ahy
erfors should apply e(zdally to.both crops Estimates of fuel
used in application of pBsticides were provided by the owner
- of a iarge aenial application service ! His esﬁma(e of 38
liters of gasoline per hectare for aerial application of pests-
N\ rides agreed closely with ‘an es(ui‘_na(e of the amount per acre
for application by ground equipment2, 1t was used for all
.calculations of the energy m%eus as-fuel
- Estimates of the energy utilized for insect control on
cotton In Li)unsnana during 1975 are hlgher than would have
been the case prior to the deyelopment in 1974 of a serious
problem with hrgh levels of résistante .to insecticides 1n
populations of lhe lobacco budworm The devastating
- losses to this pesl during 1974 were responsible for growers /
bBeginning a;;)!c.anons -at lower injury threshold levels an;{

- »

»

ous (hrgyears The result was an average of about 10 appli

of 341 kg/ ha/applncanon it was

used as the st¥ndary for calpulanons ‘.

[

. An averagé of 4 dgplications of herbrtide was made :t
therate of 0 85 kgfha/a plicatron Two of these applications
were made by ground equipment dunng regular ¢ o
so charges for fuel were assessed to only two mer I
cide ae/phca(nons .

. .

No charges were assessed to use of small quanttys of
fungicides applied as seed treatments, or in-furrow af plant-
ing time, for control of seedting diseases 4

In contrast tocotton which ln‘areas of heq&y boll weevil
investation is treated more intensively for insect con{rol -
than any other major crop in the United S(_.ajes, soybean
requires relatively httle treatment with insecticides The re
quirements for weed controfare similar. The same.p'r(')ce-
dures described for cotton were used m“esnmanng energy

. )
scheduling applications at closér intervals than in the previ- utihzation for pest management in soybean, S
~ . [ X
° ’ N - P K] A
R ~
. . ~ L .
; ) . ., Discussion of Results N

Data in Table 1 show estimates of total energy inputs re
ported' by Pimentel et al {1973) for production of four
major crops I the United States, their average yields, and
return/input ratips It 1s unfortunate*that 970 was the year
chosen for corn. A severe epidemic ofﬁe/m/nthospor/um
teaf bhight occurred throughout mosl Cormprédd?:'mg areas
the energy ratio of 2.5,, obtained=in their study probably
underestimates substantially the efficiency of corn proddc. |
ton in the United States. An e'nergv ratic of about 5.0 rk}

ported bylHelcheI (1973) 15 probably a more reshistic esti+ |

mate for corn in either case, however, 1t appears that yrelds
of these four crops 1n the Unitgd States have reached the »
point that increastng:energy subsndles 15 not bkely to result
in corresponding- increases in y»e|ds of digestible energy.

’ Tabled | '
Enrrgy Inputs in Crop Production in the United States
. ‘ {Por Hectare) . &
’ Yield Keal |
) Crop 4 'lfg‘ “,008,000) Return/Input
Corn (1970) 5080.[ 7.1 2.52
. Potato {1965) 25,600 © 8.7 228
Rice (1963) L 5,’796 15.4 1,37 .
J Wheat (1962, 1968) | 2564 4.8 1.76
Source: Pimentel et al (1974) . ..
TMr. Ray Thofnton, Capne Air, Inc., Donaldsonvnlle,' Loussiana
2provided By Dr Carl Tholmas, Head, Department of Agricul-

tura) Engineering, Loussiana Sg'te University PR

)

The percentage of total energy inputs required in pest
control for e of the four crops was calculated from the

data of Piment}l et al {1974), Table 2. Except™0Tpotato  +

which required ajmost 5 percent, energy used in pest control
for these four nfgjor food crops comprised a relatively small
percentage of the total

N

. . 5
. Table 2 o
Energy Inputs Allocated to Pest Control .
. - Crop Kcal/ha Percent of °
for Pest Control | — --Total-
“ Corn “ 54,208 » 0.76
Potatd 406.560 " 4.64 /‘
Rice 271,040 1,77 s A
Wheat 26:620 . 0.55

. Source: Pimentel et af (1974 -

Data n Tablés & 4, and 5 summarize the esnmaled
energy” INpyts utihzed i pest management for conon and
soybean m Loussiana during 1875 There was an almost
five-fgid difference between the.two crops In energy utili- |

~ zation for pest control Less energy was utilized In pest
managemeqit on 740,000 ha of soybean thap on 116,000
ha pf cattén One of the most striking features of energy
reqmremenls for both syMems I1s the high percentfge™of
lbe total that s co?'nprised by fuel used |n pésticidé apph-
ca‘tlon — about one third 1n conon and more than one-half
n soybean . N

Lo
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Table 3

2

Estlmatbd Energy Inputs Reqmred for Gontrol of Cotton ~
and SSybean Pests in Louisiana, 1975 .

[

’
S : Cottpn Soybean
3 August estimate of - -
- acreage for harvest {1 000ha) 116 740
. Energy input {1 bithon Kc‘al) 160 128 "
+ "Energy input expressed as fuel
~" vequiblents (J‘mnlllon liters) <16 13
ST A" .
1 . )
-~ - /Table 4 . v
- Estimated Energy {nputs by Category for Control of
. “ Cotton Pests in Louisiana, 1975 -
» (Per He'z:tafe) ~
C v. ‘Kr\al ¢ .| Fuel Equwalerﬁi
N ‘g {Liters)
Inseéticide, 10 appl L
., @341kd/ha - |, 824,978 862
- ) A“\/ -
. Herblcnde A appl. . .
@0.85 Rg/ha 82,522 8.6
Fuel for 12 appl. s AL
@3.81/ha, 436,392" 456
A Totad 3% [*1,343802 1404,
S . s ' N v *
, TabIeAS -,
) " Estimated Energy Inputs for Controt of P
* . Soybean Pests in Lgm{nahws S
; 9 s (Per Mectare) T .
. Fuel €qluvalents
b o K(fa' . fLiters) o,
“Insecticigles, 0.3 appl.
. @ .57 kg/ha ’ - 4,114 , ‘50,4 N
.o Fungittdes, 0.2 appl. - s
@ 0.2kg/ha 5,666 .6
- Herb:lCldeS.A appl. ~ * ) te
' @ 1.42 kg/ha | 137456 f‘4.'4‘, ,
¢ Fuel,45appl, - ¥ : - .
@381/ha 163,347 17.1 ~
AP Total .| 310483 '32.5
LR Based on estimates ffom the data of/S(nckland and Har-

o -

»

' won ot cottog and soybean in- the Pelta R

.

well (1971) on y»ek]s nputs, and variable cogts in produc-

South Cenfral, United States, energy l;osts of pesi manage-
ment for éonon equals the tmal variable costs for produc-
ton of spybean -

Energy fequirement1n pést managemen( for qonon and .
soybeans, wa§ estlmated from S(nckland and Harwells 4

. insecticidegndane . dunng 1971 o
I iﬁ g .

t

Q

n of the

2

(1971) data by ,use of Helchel's {1973 procodure It
amounted to 20 percent of the total variable costs for cotton x
and 13 percen( for soybean - 6, 122 190 and 1,276,290
Kcahha resp/ztwely These values are about & times hng‘her
than the values obtaingd by usmgthe procedures of Pumen(al
et al (7974) ijelche(es (1973) estimates of energy require«
ments for, pesticides in corn and rice producing sys(ems;p *
the United Stats were about 5 and 3 times hugher, resp
nvef\(, (han those of Pimentel et al (1974) Much of this dif-”
ference can be explained by the fact that part of He,uchel s*
. (1973} procedure included estimates of fixed as well as var-
able costs of ‘production *Thus, 1t would appear that (h,t
estimates of energy requirements in pest management for
cotton and soybean in Louisiana during 1975, Tables 4 gnd
5, may be reasonable However, 1t should be erophasized
that these estmates wduld be considerably higher i all
_costs of production, transportation, etc of pesticides were

-

“a

4

“included 3

.

The contribution of energy inputs In pest management

. to the total energy requirements in major cropping systems

. of the United States Is relatively small However, the sourge

of alinost all of this energy is fossil fuel There 1s a crm[al

need for reducing fo a minimum the use of fossil fuels in
agriculture, Pest management 1s an area 1n which substantial «

.* . progress can be made toward the objectives of reddc:ng the

amount of ‘eneréy fram fossi fuels and of increasing the
gfficiency of 1ts use )

o

t
toa e
K

. Table 6
Pereentage of Energy Allocated to,

W:A*pphcatlons for Selected Crops

s
.

~J

.

. , ‘Crop . =~ Pe;::)eti;: of Kcal/ha
Corq grain {Iihnois, 1969) 4 <513,600 , s,
Corn silage {lowz" 1960} Z 4 617,550 *
Rice {Lowisiana, 1970] 5 | 1,492,000 £
Sorghum (Kansas,970) <2 76 131,180 ’
Soybean {Missouri, 1970 7 ""” - 519,050,
" ‘Oat {Minnesota, 1970) ‘ 0.4 23, 050
P&hut (North Carpl[ng, 1?), 12 3471600
Sugar beet (Galifornia, 1970) 6 .’ 1,327,350

Saurce U.S Departrirent c‘Agnculrure, Statiswcal Bulletin 233

(1958)

'
i

~ 7

8

Cl‘arly,’agﬁcu!(urg ts faced with the dilemma of sharT)Iy
§|ng cost$ of enefgy and decreasmg efficiency 1n"1ts

\‘ use as Crop yields are pushed h«gher The situation is m

. tremendously more difficult by rapid depletian of available
fos?ll fuels coming at,a time when & drastic increase in pro
duc(lon of food, and fiber has bedome priprity of

" human endeavor i W ?

v

/\ 3Enevgy-u!|hzat|on n productroh‘of pestlcudal chemicals 1s sub
stantd) for some compounds For example, Dr David Humphries bf
the Ethy} Corporation esumated thar 47 gallons.of crude oil were
required for the manufactire of 1 pound of the brganochlpnne

i

3

\] ~
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As the energy crisis grows more gmcai, some hav
" gested the need for a return to the practice of less intensive
agriculture with substitutypn of humin and animal labor for
machinery and chemicals dependent upon fossil fuels How-
ever, the solution to lhe?roblem of an energy shortage in,
pest managemenl does hot lie in a return to hand pwcking
potato beetles and use of the hoe and mule drawn plow to’
control weeds If adquate amounts of anlmal labor rapidly
could be made available_ 1o replace the energy from foss)
fuels that ¢ currently requwed for agricujture in the United
Slates about 90 mullion acres of cropland would have to be
rom’ present use to the produclnon of feed for
horses and mules, Table 2 Society *could not afford 1o,
sacrifice production from ’s‘uch a huye area Also with so
many additional horses and mules addmg to the current,
problems of Hvestock waste disposal, we ‘would soon be
up to our elbows’ In horse manure and  the house flies that
breed Jnn The Environmental Protection ®gengy woufd
undoubled'y view such a develgpmentp}mh disavor

Farm Land Required to Produce Feedy
for Hors§ and Mules .

)
Hectares, mithons

$ou591 Us | Department of Agricultute, Statistical Bulleto 233
'}x 7 (1958)

fimente! el,;a! (1974} pointed out
energy inputs for weed conlrol by use of mechanlcal culti
vation and hoe ar other hand implements instead of herb
cides woutd be about'12 an
con3idéring such lheorenc
cidal chemical® their practicality shoulq be exammed
Mechanical cultivation 1s impassible th small grain crops,
surh as nee and, wheat Tt s much less efficient than yse 6f
hel’bICld(‘S for controf of weeds mn the dnll of row crops,
- €0 use 1Ny perl ds of excessive rainfall
icals nol been available
during 1975 lack of weed ‘control in major ;rops/wa{x
have’ been d|sastrous As for hand labd®, 1t 1s not available,
and-even if 1t 'v‘vere,.lh‘e costs involved in controlling weeds
by hand n U'S agriculture would make profitable farming
ditions Clearly, 1t does _not
solve the energy problem n agn ¢

ent, respectively "B¥fore
Iternatives to use of herby

and |l 15 )iPpos:

der current ¢
ATEmpt o™

" €ulture by reverting 1o systems of productidn from which
SO many are slnwng SO desperalely to escape Ralher the
most appropnale step 1o be taken 1n pest mandgemeht:

appears lo be development of syslems that require
,mum amounts of energy denivkd from fossil fuels used as
efficiently as possible ~ Pest managemem for both cotton
objestives can be achieved = ,

Current systems of. fnanaement of cotton insect pests i
areas where the boll weeévil 1s a key pest, are sull- based on’
the profllgale use of convenllonal chemlcal |nsecl|C|des
The sysl(,‘m developed.when the syhthetic orgdnochlorine
lnsecllci’des became available Prior to this time, very httle
insécticide was used for control of cotton insects Growers
fot;l‘he first time, wereapfbvnded v;nlh a,hlghly\‘etfectlve,
cheap medns of controlling the boll weevil when DDT, ben .

+ zene, hO‘(‘dCNOI’Ide ang toxaphene becam@ available The
pagtern of use rapidly lg‘olved nto a system of scheduled
dppllcquons at weekly intervals from the time of seedling®
gmergence until crop maturity Appllcauons were made on
a systenatic basis without regard for pest populatiog assess-

" ment o economic injuty, thresotds, ,

For'a relativety shorl\nme the sysle\pmwded highly
effective, dependable, and refatively economical pest
control . Then, the ‘beginning of a disaster syndrome oc
curred yviih the appearance of organocrﬁonne insecticide
resistant populations of boll weevil duririg 1955. This was
followed by the elePtion of minor peslsl'o\\speues of no*

* previous pest $fatus on cotfon. to the position'of major pest

status, the tobacco budworm and bandedwing whitefly, for

example, development of resistance to insecticides in other
specteg, destruction of predators, parasites, and pollinators, .)'
massivg contamination of the environment generally and of  ~
)67)7"0’1 target spgecies with persisting residues of toxic
chefhicals. and finally to<the development of resistance in
populations of the-tobdcco budwort 1n some areas to the
extent lhal 1t Is no Ionger *controlled éffecnvely with any
pesnmde currently reg‘lslered for use on cotton Thus evolu

187 of cotton msect control in the United Stages during the

last quarterrcemury provudes a classic example of the dis-

aonus consequences of overuse of rhomlral msllcndes ]
pes\ management systemas~Not only does such an approach.
create problems, “often moge serious than th.le which 1t &
aims to solve, AU s extremely wasteful 1§ utilization of
energy The details of problems created DL/ unilagerai ap~
proaches to pest man nt are too well known to me’m
bers of this group to require furth®r elaborau‘on

% Weed control In cotton prov@sp number of slrlklng 2

parallels to insect control There are marked diffefences in .

th\hherhlcals involved. In generg!, herbicides are less toxic

to.nbn laréel organisms, and they are usua‘y less persistent
and environmentally hazardous Deve)opmenl of resistarfde

to herbicides has been considerably less rapigpin iieeds than

i has been to |nsect|C|des n popul tions of 1nsects and re-

lated’ arthropods  Several cases of resistance have been B

documemed recenlly and the phenomenon will probably .

hecome_more common,.The moXstriking parallel between * .

Insect 65"01 and weed coritrol is th change in dominance

of pest specnes In both several species of httle or o pfe

vious importance ‘nave been elevated to' positions malor

. ' -
. . r , - \:‘l . o
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‘ . N s ¢
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pest status as a result of the Use of chemcal pesticides®Sur

prrsrngly, weed control specialists have failed to profit from
the ‘rTlrstakes that have been made by eftomologists They,
continue to follow the same path that Ras been disastrous
in entomology, viz the unilateral approach of reliance upgn
herbicsdal chemgals applied without regard to pogt)latron
assessment and economic thiresholds

The situatiort with 1psect pest management n soybean
contrasts, sharply to that in cgiton Soybean does, not yet
have a ker»nsbct pest i ra | approach to pest man \
agement s followed, none should develop The segondary
and occasronal pests of soybean are not of suftrcrent m-
por_tance to justify an average of one applrcatron of insecty
cide per hectare per year Their status shoyld remain un
changed 1f a reasonable approach to pest rﬂanagemem 15

» followed . .

The ‘weed problem in soybean 1s equ%lly or even mbre

pdrtant than that incotton The approach to mafiagement
= of weed pests 1s'the same as that for cotton The potentialy
~  problems are eqyally ‘gr@ye. ‘ -

The challenge to the pest confrol disciplines is to deVeIob
pest management systems that will allow  growers to extm
cate themselves from the “treadmill” of excessrve use of in
sectrcrdes with the attendant waste of energy, for control of
cotton pests and to prevent sifch a situation from ever de. o

veloping r} soybean Nerther will be easy but the former s "
by far the more difficult The situation in management of
cotton insecy pests and use. of energy from fossil, fuel in
agrrculturé\rs similar to that descrf{ed by the late President
Truman for a man riding a tiger He said, “"When you afe
: rrdrng a tiger you can’t get off, you have to keep riding " o
An example ‘of the point reached in “nding the tiger” of
cottBn insect control has been provided recently by a
gr'ower Jn Louisiang In an attempt to control an infestation , 2
of hrghly sesistant tobacco budgorms ;n 42 hectares of
cotton he made an application on September 27 of a mix ¢ ‘
ture consisting of toxaphene, methyl parayaon, and monor )
crotophos at the rate of 6 91, 3 46, and A kg/ga, respec .
libely Energy wtilized in this single application amounted®
to 292, 408 Kcat. ha, or the equivalent of about 31 liters’of g
gasoline, - ™
This examp@ s the ultrmate 1n overuse of pesticides and
squandering*of energy The env%onmental costs oféxcessive
‘pollution and adverse effects On nontarget organlsms are g 3
{ntolerable, and the tobacco budworm was not controlled.
The-results of ssuch an approach, if continued to be prac
ticed, will lead to loss of the cotton industry in an atea
]'hrs has’alregdy happened in large areas of Mexico ftisa”
major factor «n decline of cotton acreage to about 28,000 v
ha in the Ru?rande Valley of Texas and to +16,000 ha in
Lo

Y

1ana dufing 1975 ) Y o 4"
* ‘ ! . . ' Ta
e - » o " v
T . . 8 , t
) < . . . )
i . . J T Developmeént of Energy-Saving Pest . N
. . . A
¥ E Managemient Systems s
.. Cotton PR sary for the development of long-term pest management S

The tobacco budvvorm 1S an |nd‘uced pest The species
was vrrtually unknown as a pest’of cotton prior to 1950 be-
ca¥ise 1t was completely controlled by a la?ge compiex of
predators and parasites Procedures for successful manage:
ment ofthe tobacco budworm in areas where the boll weevil
15:a key pest have been described (Newsom 1972) For the,
short term, a pest manage(neht systerg basedgon the so-
called "diapause method” of/boll weevil control was recom-
mended, This method 1s based on application of insecticides .

, during late season and at;e\maturrty of the cotton cQp -

[

' . secticides, 2) making*maximum use of varretal resistince to

systems possessing a high degree of permaneﬁe and sta-
brlrty UItumately, It would aggw growers to '‘get off the «
tiger * Such systems woyld developed argund* the fol
‘lowing tactics 1) restoration of the effect‘ss of pred-
ators and parasites for control of tobaéco budworm to that .
df 25 years ago by avoiding early-season appli¢ations of in-

Insect pests, 3) use of trap crops of early planted earIy
fruiting, prolific varretre; to attract overwintered boll weevils *
to a very small percentage of the total acregge where they,

' can be cgptrolled with a minimum of pesticides, 4) de truc- -
The ;objective is to prévent the development oneevﬂs J&nb € m P \ . %
of crop resrdues as earlys-aerposwle, Nmaximum use 2 . _
that can overwinter su“ccessfull,y as diapausing adutts_. The c-. e
tem reduce Lo twr tering gl weevls b S pathogertx“‘arui‘ﬁtuseofmar Selective” yff
B I e n = - -
Y re UM ot ovefwin v evils by secgcides whenever posslble ) . y . :
, .
. i . o
Sobagn . T L N
. Managem‘bﬂr ofsoybean p.e_g should have 3 tsspupe” 3
.‘bbrectrvc the, deve[ebrrfem of systems/tﬁ rd Etibctive; -
eCohdmlcat energy conserving, -and stable- S h sy'stems .
must ot be developed along lines of approachthat will re L
ment would result 1Q a reduction of jnsecticide by. onefthird “sult in the disasters that have e\ged frofn the systems emy " . .
atodme hatf thereby re Iting n substantial savingdrenergy ploved for control of cotton insects Fo tunately, a well-
Implementation of the System would "*buy the time" necesYordmated, hrghly cooperative research program has been M
. . L. \
.y - » - -
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organized as & subs project 6f the NSF EPA Integrated Pest
Man‘agement Progect that has as its major objective develop-
ment of a pest management system that will avoid the prob-
lems that have characterlzed systems for cotton insect con-
_trol Some of the progress that has been made in Loursrana
f was rgported by Newsomet al {1975) The system deyveloped
mJ.eumana 15 based on the es!ablrshmen( of economic in-
jury frresholds for thepests. regular monitoring of pest
-populations™ and apphicationof pesticides based on pest
poou!ateon assessment It makes maxsmum use of 1),
iggicat control agents, 2 the selecnvrw principle 1n use of
‘asecnicides, 3) trap plots, énd 4) fethods for hotding costs*
. of monutormg pest pobulations'to a mimimum .
The major pests of soyoean i Louisiana are heavily
atracked by a complex of.pre»da_!ors. parasites and micro
bial pathogens The impact-of these natural epemies s

usually suffrcrejﬁ 10 1egliate Populatons of most pests at

" subreconomic tmmcanons of pesticides are made
“—only whis economyc Mjury thresholds arc reachied Pesti
cides are ysed in the gost syiectrve,manner possible Hecom.
{mendafions’ for Ove of the Jbroad spEcttum orgamochlorine
nsecticides were dzsconnnued more than a deﬁde ago m
favor of the legs envrronméntally,hazardous organopho3

action has been. obtained by reducxn§ [{¢] rhe mingmum the
‘rate of aophcatvcns formerly used for t‘.omro! of most pests
and by ra:sing economic rhreshog,‘,s.m more accuraie Ievels-
Acrzage requiring treatment for the southetn green “szink
bug and bean igat beetle hss been subs!annally uced Qy
LUsing trap crops of small areas p!an;ed 10 early aturing

phates and carbamutes Additiondl selectivity of pesticide”
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varetes as a means of conceatrating overwintered pp’pula-"'.'

rons 5o that *hey can e controlled with minimud use of
nsecticides and ‘ms:\, environmentat pollyt.on Cdsts of
monitoring populatrons of major pests have been substan
“atly reduced by taking advantage of rlew rntormanon on
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seed development the soytan looper snever reaches eco-
nomnc'm]ury levels before August 1 and then only in areas
where cotton and soybean are grown in rotation, the velve(
bean caterpiilar 1s of o, economic s¥nportance prior ro
¢ August 15, and the corn earworm does not damage tha ¢rop
before i1t blossoms and ther‘. only in fields 1n which the
_fohage canopy has not closed
This system provides effective and economical contsol of
soybean pests with mimmum utihzation of energy 1t will
be improved as addmo,nal informatios becomes ava:la*
but nmmoiementauon has aiready brought about reductions
of one third to one hait the®smount of pesticides previously
used -

There s no reason why rnseC! pest management systems
for soybean shoujd ever e ptagued by the problems that
have been chargcteristic of cotton insect control It would
be a tragedy if titey .\vere ever to evoive to the point that

- application ‘would be-required of as much insecticide as has ~
been used for control of cotton insects The increase in
energy utihization, costs, and environmental pollution
would ae mtolerable on the huge acreage now planted to
soybean There i1s ampie eause for major concern that the
amolnt of pesticide now used ot soybean couid increase
's'ugstanhail; The pesticide< industry s viewing the
21,600,000 ha elanted‘ to soybean as a potentially huge
new market Growers are being sybjecied to heavy pressure
by pesucidé saiesman to induce them to use more pesncrde
on soybean An nmenslve weli-coor&8inated, cooperative
educauonal program on the pdrt of extension and research”
personnel of the Land Grant Colleges and the U S Dlepart.
ment 0f Agricuiture Jll be required to nuilify the effects
of thise mrsgurded efforts of the pesncnde ndustry Savings
in energy alone wall motre than ply the cosls of nnmanng
and implementing such «program | sﬁould like to urge that
those of you who have' administrative r&ponsibdity for

\
the phenology of the soybean and rts_oests Ths, rnforma such programs give top priority to this critical need Agn
tioh stows-That thefe 's ng needz10 start a pest monrtou_og culture cannot afford to allow pest Mmana nt systems °
i program before mid July in Louisiang €xcept in areas for soybean to take thg, same route th. s been o dis-
= planted 1 tr3p crops The southern greer?tmk bug s of no astrous for cetton . ’ LT
economic .n".obnan_ce on soybean unuf the beginning of N * '
\ - r . .
<~ ~ . B
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WASTE ENERGY UTILIZATION AND RESIDUE MANAGEMENT . * <
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In 1898 William Crodks awakened the world by claiming " forest slash bark and sawdust. Urban dwellers discard 129
,‘uat the wosld faced ultimate starvation because of the de- sullion tons of sohd wastes and produce 12 million tons of
pendence on the nitre beds of Chile The worid histened and sewage sludge. Industry prod¢tes an additiorial 44 mllllon
‘ believed, and research ar\d d“evelonmeM lead to the proc- . tons of organic wastes (2), Thetotal;ana dry organic wastes N
esses for fixing atmosphengmtrogen Recentlywe have’ob produced n the United States 10 1971 were million .
tained energy for lndustmallzed society from three fossil tons of which 136 tons,are readily collectible. This 1s the
J fuels — coal, gas and od Today we are exammmg alterna- equivalent of:170 mulllon barrels of onl 2-3% of our apnual '*. &
tive energy sources with the conviction that alternatlves use, or 1.36 trilion cubrc feet of methane 2-3% of present
will be found just as they wete found for nitrogen use (8} R ; ‘ A
J The present problems created by the geographlclocauén ‘. . ‘e wy o
N of od are similar to fuel problems created by the past two ' From 7 to 8 x 1016 Btu s of enerqy are used annually n
World Wars. When availability of essential oomn?odmes is , ~ the US. (73) If we assume an average energy efficiéncy of ‘
threatened or hmited, we look for new sources and te the 50% of ull fuel used in the U.S., there s 3.5t04 x 1016 v
utilization of unused resouroes ’ Iy . Btu'f of waste heat produced yearly Clearly, there are large, !
« Agrictlture, forestry, mdustry and cxfes geherate wastes quantities of wastes and waste heat which could be used or .
> n the'form of refuse and heat Some wastes afe potential . converted to fuels Thes.e waste uld either be burned [
sources for fuel and energy for use by agncultdre cities and . dlrectly (7, 14) or convert ynthetic fuels There are T
- Tindustry  According to the best estimates, 200 milhon tons three major ways to conve’wastes ta s #heuc fuel. Théy , Vi
° “of animal waste are’prodicad in the United States annually, are. hydrogenation (ag:tu reduction), pyrolysis, and bio-
390 millon tons of, plant-debris, and 55 million tons of conversion‘(5, &, 7}
R . J N ’
5 ’ - A Ceen . ‘ h
v ‘ " Hydrogenatioh _ ' o Co .
: . , “
Hydrogenation 15 really 3 reduquon proeess in which sulphur (less thin .04%) with an energy valug of 15,000,
. oxygén is removed from cellulose in the presence of an Btu’s per pound red,with 18,000 Btys pér pound for
alkaline catalyst such as sodium cirbonate. This material s comparable fossi ol (8} A fuliscale piant could be operat- J
a\- placed in a reactor vessel with carbon sonoxide, steamed ing by 1980 for either a’nlmal or wood wastes. ThlS 15 the
"at 100-250 “tmospheres “6fpressure, and )hen heated to most costly conversion technique and could probably be’
. 240-380°C for one hour Under best conditions, 99% of the ;ustmed if product oil value s greater than $5.00 per barrel,
C T 1s converted to oil. This yields.about two barrels per Probléms include ways of introdycing the solids into the
L |

dry ton; however, because of less Jhan optimum conditions
and the heat requued for steam, there Is a net yield of only

reactor under pressure, the,control of suiphur emissions,
punification of water used- in the process and the s@ara

~ 3. 25 barrels per ton Theoil s a heavy paraffmtc o;l low m tion of the o1k from solds. ' - ,
Lo . . . - . v -
] e N [ * . '
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. Pyralysis is the burnmg or heatmg Lf wsttes n the ab

. N 4 N
. are produced. This process is usually carried out at atmos-

]
“* sence of oxygen or with reducéd oxygen " Gas, o1l and char pheric préssure so that construction and operating costs of ,
4 . "~ N 4 , " .
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plants should be lower than for hydrogenation
Pyrolysis systems have been built by nearly a ddzen
groups (8, 74) Most units are designed for disposal of
munycipal garbage with resource fecovery Each ton of
refuse produces one barrel of oil* 150 pounds of char.and a
varying amoupt of jow &nergy gas 18) The oil contains 33%

r

, pourJd — about 60% of fossil o1l Several cities, with EPA .
‘ asgstance, are constructing such plants The‘pyrolysu sys
tem can be miodified to a controiled combusnon system
WhICh produces a mixture of hydrogen and m(rogen gas
* that is vanousjy called “producer’” or ''synthesis” gas that
can be used n industrial progesses to supply F\ydrogen now
Iy ob(alr\ed _from rpe(hane (3, 86) Pyrolysvs plan(s

.

-

- 8ioconvegsion is the production by anaerobic digestion
of me(hane melhanol or ethanol It is one of the simplest
and oldes( methods of converting wastes to fuel but Iittle
mvestigation has Been done during the past three de-.
cades {2, 5, 7, 8) Methane production from animal
mapures was common in Eutope during Wof'ld War 1i but
w{spabandgneg because of economic reasons and the super .
yision required In recent years thece has been increased
nterest n India and in Pakistan' in methane generation °
vvnh the' uuhzauon of svmpler fess expensive and probably
less efficient equpnent The main deterrents to the conver-
sion &? animal wastes to me(hane are the cost oithe gener

_ oxygen and %as one -energy value of only 10,6Q0 Beu's per ¢

. e r .
' Bioconversion

¢

* L]
.
T N .

, will be in operation in cities bv 1880. The problems in-
volved with pyr'olysas are the expense of plant construction,
the.disposal of the char, the necessity to separate a poruor'm
of the materials present 1A the waste such as ferrous metals,
glass, plasncs etc, the requuemen( to shred the material «
and sulphur and other gaseous producnon but water pollu-
tion is not a major problem, The low Btu gas {500-600 Btu's
per pound) could b{upgraded to methane, but this i5 usual
ly too expensivg as is (ransporung the gas by regular fjas
transrhussion hines. [n some plants the fow Btu gas will ‘g&v
ate steam to be sol‘d to power cornpanies, however,.sohd

e mcmera(ors which generate steam have not been

N hlgh|y successful In markenng steam,
2% .

v

cubic.feet of me(han:a with an energy content of 1,000
Btu's per cubic foot fbr each ton of gohd waste (10 000
tows could produce_ enough gas for a.3p 000% city). Other
ga roduced — mainly ammonra, carbon dioxide and |
hydrogen sulfide The methane s sufficiently concen(rated
so that it 1s practical to upgrade the gas This process has
been used for years to reduce and stabilize mumqpa? sewade.

~

*Although bloconverslon 15 (heoreucally ) umgler process !
"~ than either hydrogenation or pyrolysis, there are unsolved

blems. A good way needs to be developed for feedlng,

hds into the digestor, ‘and inexpensive ways of collecung
and punfylng the me(hane and recycling (he effluents.”

e ating equipment, the cest of rollection*of the manire and About 40% of the original material remains 3s studge that -
ol distribution of the gas Methéne digestors and other bio- could be converted to-oil or gas with either pyrolysis or
conversion (echmques produce an undngesxéd residue sludge hydrogenation, but it would seem more logical to utiize
. that s a8 disposal Problem. Superficial examination of thw this sludge either as a raw materral f@, animal feed or as a
" residue reveals a Qigh protein contedt so 1t could be yised as soil amendment. The best estimates are that a full-scale
arawlmaterfal for feed produchion, but eyen lhOUgh it commevcial plant for bioconversion of organic waste to
appeags to haveya high proten”content, jt may fot be di |, methane could be in operation in about 15 years (8}
gestible -Bigconversion can pro“e more than 10,000 . Y . . ,
¢ : . - .. .‘ s . )
A . ‘ . B v R .
A \ . - . . - E. < < . -
o . . <, . nergy from Wastes * -
£ s . . N
’ Agricultural wastes obv:ously have caloric value and can « . Amimal wastes can cause environméntal pollution that
< be burned Corn stover, whea( straw and other plant resi has forced us 10 change animal waste management and fe-
5 dues have 3 heat of combustion of apploxama(ely 7,500- examine the possvblhty of using the wastds In the Orient,
8,000 B(usper pound {7) This s approxnma(el‘ytwd thirds ‘dried cow dung s blrned as fuel, and (hroughoul other
i the heating value.df a pound of coal or one third the heat arts of Asia controljed burnmg of air’ dry manure In 3 suc
. Ing vaiue of 3 pound of oil Dry anmloizfmanures probably - ~%Z)n gas protiucer in the, pre of water has been used to
. have a similar heating value}(5). 1t 1s estimated that well yleld a combugtible mux(ure(gcarbon monoxide and hy-
over half and perhaps a5 much 3 70% of thé, total annual drogen with 3 heat value of 80 85% that of methane (8).
ot ) plant yleld of agncul(ure is left in the field as residue This Thisgrocess has been sugges(ed to relieve the manure build-
" total res»due from corn, wheat, soybeans, oats, grain sor up protg‘em In the dairy areas of southern Cah(ornla (8).
ghums sugarcane, cottod, rice, grass, e1c amounts to 427 ! Anagrobic lagoons are a3 common method of handlmg‘
W Y “milion tons per year wnh a 8(u equivalent to 270 million { animal waste in thi2 U.S (5) Theselagoons produce methane
P - .tons of coal. . ! in the process of reducing .the biological oxygen demand.
' * ¢
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Other gdses such as ammonia, carbon digxide and hydrogen ¢

sulfide are produced If the methane is sufficiently conceh
tra d, a burnable fuel 1s available, and 1t would seem “that ~
undes, some ckrcums(ance 1t rhrghi be prac(rcal to cepture
this me(hane for on farm ‘use One of the critical problems
associsted with’ methane production, is the difficylty of
storage and the low hean’g valde., Recent interest in
methane production (rom organic wastes fnay resuit In
simple, mexpensrvg plan(s such as those used in India and !
Pak,stan The main deterrent to bioconversien of animal
*wasted 'to methane has, been thé cost .of collection
mahure, yts’ necessary preparation for m{roducnon into
equipment, and the. distribution of the gas The wuse .0
Mmagure as ammal feed brfertilizer competes with energy
groduction and emuronmema! quality gonsrderanons may
preclude methane production because of the waste sludge
Con(roHed pamal combustion of manure c’gn yield “syn®
“thesis” gas corhposed of tWo parts hydrogeh one part caf "~
bon monoxigde and omz'pan (Ditrogen on a yolume basis'(3)
Further reactron with steam produces three parts hydroge’ﬁ
and one part m(rogen which can be ca(alyn ly converjed
10 ammonia Each tor of dry manure s r rted as capable
of yleldmg 700 poupds of ammoma gas (5NThe "symhesrs
gas replaces rne(hane as she source of hydrogen and 1f it
could be adapted to smali-scale Jproduction i1t wopld serve as
a “reaBy source of ammoma feruhzer "In.addition, large
scale prodbcnon of h n gas by this manner, wouki
'have gréat rmpor(ance symhesns “of plastics by i\
dustry Most hydrogen is curkently produced from methane
Anifak manures are visualiy & a source, of energy for
some of the Iarge scale hydrogena({on plants.
in F!grrda most dairy and swine wastes are (r&ted n "
anaerobic lagoons Because of warm (empera(ures these la
#g00NS§ commuoUst ‘evolve methane and o(her gases It
seems reasonable (/dm\resngate low cost me(hods for. trap-
ping the me(hane gas and using it as a source of fardn Rower
for wa(er heaung gramn drying, space heating, air conditidn-
ing au'\d pQsstbly powefing stationary engines for feed mils
or milking equipment In most.ca e heatrcontent of the
93s 1s rather low, and the equrpmﬂsed wolild have to be
derated, but there should, nGt be any real engineering,prob
lems As a vrsualrzauon of Iow cost collection unit envisfon
the possibility of using a floa(ﬁg, clear plastic envelope
"weighted to rise and fall as the volume of gas comamed

. changed but maintaining a cons(am pressure Such a device

would represent an inexpensive and simple method for cap
“turing methane bemg produced from anwnal waste in anae
robic Iagoons '

In Asra poultry and swine wastes have been us%d exten
sively for methane proguction. Because of their high value
as a feed for cattle (4.5), it 1s unikely that they, will be

for me(hane production 1n the U'S f there are no
pubh hea’nh problems from récycling as animal feed,

O

Energy from plant wastes and IE'Sldl/* has been used by
General Motors Corporanon as a fuel suppfemem in fossil
fuel-fired hoylers, 17) Most of the work done by rhe General

.
.

Motors Corporagion has utiized cor stover The sugar re
fining industry utilizes baggasse as a source of fuel for
’power boilers Baggasse for cattle feed competes with this
usage 7L . :
During my-«childhood and many of yours, heme heating
depended updbn wood from farm woodlots The utilization
of plant wastes directly for heating and power generation is
not new, and various schemes are\curren(ly being proposed
which ‘would produce agricultural crops for utilization
either directly or nndrrectly as fuel S\eaveral innovative tech
Aiques r%e been syBlgésted for utilizdtion of plant wastes '
Plant wastes cpmprise about twice the total volume of an)
mal manures and could in many cases be haryested as cyr .
rent harvesting machinery passes through the helds The
removal of plant residues will obviously deplete the fertility
more rapidly than simply harvesting the grain, so any pro
> gram to um”ze these as energy sources must conslder both
the loss of nutrients as well as any loss of desirable physical
propernes of the soil tha( may result Both hydrogenation
« and pyrolysis could be used on a commercral icale for the
coqversron of piant wastes into fuels However, a stroqg in-
(eres( has developed 1N the bioconversion o( ceilulitic plant
matgrials into fuels The US Army’s laboratory at Natick,
Massachusetts Poliution Abatement Division (73} has
veloped an enzymatic hydrolysis system fos Converty
cellulitic wastes to glucose by utilization of an enzyme p!
d !‘)y a mutant fung) This method has been used to
ert wqod wastes, garbage and waste paper to glucose
The first step 1s the preparanon of a sulfrde pulp of muilled
ceHuJoSQ which s comBined in'a reac(or wnh the enzyme‘\o
produce a qucose syrup This syrup could then be con,
verted ‘to either food, single- cej.lglg protgin, fermentation
producls or aIcohoI The aIcohoI would be a diréatreplace
ment for gasolme in many cases either as an admixtire oﬂ’?’
a pure mateérial for mternaltombusnon engines ,The key to,
this process 1s the praduction of a high guality ce!lulase
enzyme cqmple}énch "is capable of hydrolyzing insoltble
cryslalh?y celludose lo qucose “¥n order to make the proc
« €ss succeed 1t is ne sary.(o miil 'he substrate and reduce
. cry’talinity which 88 an energy- lmenswe and costly proc.
ess Hydropulp ngeas beert examined as a substrate pre: ‘
(rea(menl and, while this process hold some promise, there
s 3 solid waste residue produced that requires dlsposal

Wests heat from “powér genfration plants, - especially
¢+ nuclear and large - fossrl fuel plants, has been used Bx
. périmgntally (o_gmxance the producnon of agrrcul(ural
crops (6, 9, 12} Whr!eﬂer‘ancemem can be shown by
®levation in temperatures, the total amount of waste heat
that would be uulrzedr n this method séems to be very .
lrmned Much of the interest 1n waste heat utilization by
the power gene'rauon companies s srmply to find a better

" method for drpposal of ther heat which 1s environmentally
acceptable (12) While unllzanon in high fatitudes durmg
(he' cool seas@n would certainly be‘benehcra! 1teis doub(ful
that the long ((acsmissnon .drs(ances requlred could be '
*qustified P?bably the best use lhal can be made of waste
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heat would be fol drrec(nspgce heating in areas gdjacent to
power plant, sites (70) or possibly in mariculture ‘where ele
valed !emperatures in raceways and ponds might stimulate
* the growth and production of fish, shelifish and aquatic
plants (1,°72) Processing plant thermal Wastes represents an
energy source that can be utilized more efficiently but
usually -requires plant redesngq As an example, the citrus
concen(ra(e plants in Florid&now unlnze a large quantity of
(henr waste heat to dry eitrus pulp which 1s milled into live
s(ock feeds In fhe process, water from evaporators and
wash water is used to scrub % stack effluents and recover
fly that would have been arkanr pollutant as well as con

~e . > .

.
4 <

.

. * R, .
According,to a recen( study d e’m Fidrida, agriculture
ns, of dnesel,‘85 5 mil
“hen gallons of gasoline and 27 3 million gallons of LPG’
each year Whnle this may nof cohstitute a large percentage
,of the total énevgy use in the U S.; it represents a purchased
mpu( the cos( of whrch can onfy increase swwith time Conse

. quently, it rrLgh( be well to examine potential methqds for |

"increasing” the fuel efficiency of ‘farm opeshtions by the
utihzation of wasle! as engrgy sources Apart’frpZSlhe pos
siblg, production of me(hane *from amimal wastes “for on
farm use, there are several other 1deas (ha( could be ex
plored In Flornda as In most of he U S gra)n 1sdned af(er
harvesnng or during *harvest E's'tnmat&s arg that for f,neld

e . Utilization of Wastes for Energy on the Farm

- dense soluble matenals. The water iseevapoFated, the mate

nial recovered and dited with a snzaPIe saving In energy and
a reduction in both thermal water potlution and air pollu-
tion Thns'Sys(em has been adopted by most citrus concen-
trate plan(s that produce citrus pulp for ammal feed. A
mbre advanced phototype citrds concentrate plant elmi
nates the boiler, uses the vapor_ from thg evaporated juice
directly in the process of heanng as well as recoveting t
waste heat from the cirtus feed mil to further apncentrate
the juice The plant new in operation offers the possrbah(y
of reducing the energy requirements 30% and the pro'duc
tion of thermai effluents and air pollution

12 , .

-

bing would be adequate ‘to fuel an external combustion
engine External combustion engmes'such as steam.engines
or the S(egﬂg engine (73) might be used | am not dual
fied to cognment on the engineering feasibility of such an
idea | snmpi'y offer it for consideration. The ol('i problem of
fuel supply such as coal for external combusnon engines of

"\water could be alleviated with the S(erlmg engrne since the

corn 4 6 gallons of LP fuel are used for grain dryingand 33

Yallons of gasohme for hlrvesnng 'Sane less Than half the
fuel burned by the combine is used lreelly to drive it and
the fest 15 waste heat, why can't this heat Be utili2ed (0 dr.v
the gram as It's bemg harvested® Curréntly this heat is sim
ply Ios(vhrough (he radaa(or‘ exhaust Obvuousfy there,
would have to be some redesagn of equapmen( bu( with
current cost of grain combunes, this additional cost mngh(‘
reprgsent a small pereehtage ncrease and ¢ould repreSfm a
reductidn in producer costs
Being even mofe {maginativi>~one could visualize drain
.sﬁaw or cprn stover as a source of energy to druve‘aﬁ ex
ternal ucombusnon engrﬁe to power the harvesting.equip
“ment gnd'fuel the grain drying mechamsm On & thermo-
dynamrc basis, 3 36 gallpng, of gasoline and the 4 5 gallons
of propane ‘could be replaced by about 115 pounds of corn

total, resadue Mm‘ewer xhe equipmgnt for handling or

harva{ung the stover or sHaw i$ already present Probably

only that which agregected as chaff and dgbris by the Eom-
5,

e v

X4
e

J'hc scenarfo, | would like to make a
observanéns Agricuttural: facul(y pride

’_ e.‘_» ‘/ \"'1..

-~ IS8 ¢ o [N

fuel is drawn in as (he hargesting equipment moves (hrougb,
the field Since therk is ho external fluid 1h a comamed Sys-
(em no watet and boilei would be presen( In this way we
mrgh( completely eliminate dependence on fossil fuels for
most* harvesting and grain drying equipment. While this
does not represent complete fuel sufficiency.it does
represent a §agnrf|cén! decrease epender}ce orrffossil

&2

¢ fuels. by agriculture and opens a ch¥llerge to the redearch .

-

o

3

Observatrons .

82

<ommunmity In a sigufar manner, I(”hSoCOﬂCGIV&ble that it
might“be posSible !p' genetate smail scal¥Tontrolled ,gogn
bustino equipment to produce ‘syﬁ(hesrs 'gas and ammonia
directly on (he farm. Wouldn't 1t be an exciting prospect (0
harvest grarns by’ power from plan( Jsesidue, convert a pol
non of. the residud into ammonm so thyat 1t would” befm
medaa(ely injected into the soil for a double cropplng Sys-
tem so that ih addition lomarvesnng one would be fe'mlbz-
ing a followinycrop at the same ume? i

The indepeQ@ent, waste energy farm offers an excmng
challenge. The possibility for agricultural science g’ tech
nology to devise a system of waste lme(gy utilrization that
makes farms 4ess dependent on fossil fuet wrllsbenehmhe

country and the prodlcer byowering prodrfcnon\cos(s .
stover ,or straw Thas- 5 an extremely small percentage of . reducing adverse environmental pollutants and increasing »

profits -a benefit ta the farmer‘and to (he rest of some&y
as well

(hemselves n being yseful, but they may have become teo
- utilitanan and not suﬂcren(ly egalitarian_ Foﬂowlng WQld
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;—b\\ War ll the growth n both ;ndustrraf and agricultural wech- ! serve to sharpen our scnentthc senses and direct our aften.
«nology was truly amazrng The economics of both victor and tion to basic problems where we ¢an ‘serve mankind through
; vanquished flourished fdr three decades. BN science grew our professions . . o .
1 up in thg 60s,*and agricultural science grew as well> Ento-  * » K4 . . .. ’
’ mologusts contrgll;ddnsects with insecticides, agronomists J‘_ v - Table; , ! . o -
| s/grew continuous monocultures with cheap sourges o Heat Value otA icultural Wastes and Fos;ﬂ Fuels  *
. nntrogen .and other fertilizers, and annmal scients: ” ol . "
hormones” drugs and antibiotics to roduce more less '}& “
l [ S expensnve meat, all of which promised to solve many of ) . B"’dry—‘”""d i !
| mankind’s problems The scientist became a technologist Manure’ " ~ °
‘ “fine tning” the* agricultural machine with hinear pro- Chicken 5822
grams, complex statistical designs using high-speed, digital - @ Darry A- - 7100 . .
computers Which could dggect smallér and smaller Wsigpifi- - Beet . 4 6425
* cant differences, many of which became increasingly less im- . L Turkey . ’ 5800 .
k portapt while ‘'mahy major scxentnfrc problems receded or Horse R ‘ 6984 ‘
| passed by. Agricultural admrnrstrators became bureau- * . . Swine 7304 ’ !
~crats caught up in the maze of rules and regulations. .. Sheep 1666 ’
= When Silent” Spring was published,« tl*{ere was what | . Plant . oL, . . ’
¢ would oﬂ shocked fesentment among agncultural facglty , Corn Stover2 7500-8500
M When EPA was created and started wnthdrawvng cruemrcals “r, ‘Straw . 7500-8500 '
and enacting rules which dealt with agricyftural pollution,” . Wood (oak) h 8320 s
) < even the  Secretary of Agncuftﬁre me Wil have _to de- . ’ Urban Gar'bage . .5000
.~ dde which 20 millior™people in the US. woyld Starvel’ N
“Hard Tomat&s Hard Times” really zerded 1A on us in +, Fossil Fual o " ‘o,
‘ Flor;da apd we refuted much of the dbwous musinforma: T -wfoal .81{)0'15000 \
| . tion, The Pound repqrt orragncultural research 15 skl dm * o 8,200 A
| batedand much of it probably misunderstood. Source, 7Azevedo and Stout, Umvetsity of Califorma; 2Green, «  *
‘r Agriculture Has its detractors, byt perhaps we became , * GMC, Isuttprtield (EPA), ‘Hammoﬂd Metz and Mauc" .
X too defensivs. If our’detractors are wrong, that will pass; if AAAS, . R ..
. . they are nght, we' have real problents and we‘fta(bet{vr -f/ - L | Voot e P *
“deal with the real prablerfs. Tttook Silent Spring to awaép . "o ® ) ..
, us f-rom decades of pesticide user and discover thg we . L4 Table i’ - ¢,
[ _ were growing’'tdo dependent on«chemical pesticides ang in Million of Tons of Dry Organic Wastes \)
f.- some cases Wwere making pest problems warse. L : Produced in the U"“d States in 1971 .
“We need” tobe futurisuic se scientists workingog to- ., N —"
. day.s problem wll producze:o?utlons to yesterday’s p¥ob- " . [EO'Ufee G::rt:ed C’j;fd“y Ly
' Iem tomorrow We need to loqk over ﬁtg horizon and work — - Y - ﬁ%
i J.on brobleis ¢hat don't even exist & problers Which' the -« Agricultural Wastes' . PR A
,~ & lay person may not understand : Antmal Wastes -~ . 200 260 <
Since this me¢ufg is about energy, what is the phnloso . Agmculturat Crops: Edod 3% 26 -
phicai’ pont* | don'f know the-pretist pomt ‘of Dr. Pimen.  * qugmsand Wodd Refuse "58 50 Y, ..
.5 s work (77) {t.may not even be very ‘accurat? because’ . Total Ag/ncultural Wastes 646 | 536
| N -all the mefftcrencnes in manufacturnng are aggregated into =~ .
> agﬂcultural productlon If one'oonsrders the total biomass - . Non;Agrncultural V\Lastes R 4
| prod‘uced by agriculture which natural systems goologists 'b3" Re’fuse "y | e 139, ARy '
., often do, then‘ the efficieflcy may be 5 or e§€n 10:1-The - m‘l‘;c’p’a’ 3;“‘39‘ (5_‘:‘399). - 12 1.5
{ ' main point may be th\a‘t dgrieulture andwe as scientists have X stial Wastgs 44 ' 5'2.
’ gromoo ’depandent upan thrnklng about purchased in- « p, Mwoeﬂaneort.ls., ! N ,50 5}° .
- puts and resourdes ds the main ingrerents forg viable agri- Total No -Agnculmral'Wastes 4235 82.7 N
T’ ,Q culture‘ It has required’ someone w:th\cou ge, pcrce(.mon .. Grand TQtal B =7 880° |-1
. and foresight to challenge us and-a politscal enefgy crunch, * -2~ :

.
. to awaken us to‘a real energy dilemma. Hopefully, this wilk ' _ Sburee And«sg» Bureau of f Munes
L te T ; ¢ ) b N s

* » T
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. c o, USING SOLAR ENERGY IN AGRICULTURE - . - :
@ . NN
. ‘ : . " James L. Butier .
. Research Leader and Technical Advisor: Harvesting and Processing, 7, . h )
\ USDA. ARS, Southern Region and Principal Investigator for Applications . T .
’ N . e . . of Solar Energy for the Drying of Peanuts, Forage and Tobacco, °  « .
Coastal Plain Experiment Station, Tifton, Georgia.
- . . S N
4.' r 3 4 . ’ " m}‘ : T
5 ' Tt .
\. _-‘.'\‘\‘\_ “"\' . ’J S - _ kw
All plapts and anrm_a\li are. HEpendenbeuther directly or Raustible scurce pf energy supplies the U.S. with-abou
. indirectly’ upon solar energy as the sole sougée of their tim much energy as we use annuall,y from’ all.other

! “energy. Bhrough the process of photosynthesis, water and sources.2 Not only s this' supply mexhaustrble, it s also *
carbon dipkide are converted into sugar. The radiant energy non- pollutrng However, there are negatrve aspects. It s not X
of sunhght is thus conygrted to chemically bound energy in  -¢ continuously avallable and the relatively low intensity re- :
the «most basic form. Both the rmost modern and most quires large collectors 1o deliver significant amounts of
" pnmitive forms "of agrrculture are ndent upon the ., energy. applications other than direct thermal, a con- !

rocess of photosynthesis to captyre anzrore solar energy. versidn be made. s .
. ‘ This, howewer, is about®the only thing which primitive It is estimated that about 1.87 Quads (Q = 1015 Bt/

‘ and mogdern forms. of agriculture have in cqmmop. Modern - year) are currently being used to dry cropsfuch as grain, L
agrrculturq is’yery energy intensive. With the development . tobacco, peanuts and forage crops, tq heat livestock shel- - - ’
of the internal combustion engine, it became possrbl‘e to re-, ters and facilitids, and to-heat greenhouses and rural resi- ..

> + + place animal. power with mechanioal power. This gave_ the’ dences.3.4.5.6.7.8 The major portion of whis energy 15 red . '
N farmer greater capacity to do work, allowing him to com- quired for residence heating. All these could-use the thermal . ° .
p}em all operations in the production sequence in shqrter .energyof the sun without any energy. conversuon e »
® R tlme, Plant breeders quickly took advantage of thisand -~ « The energy potentially available 1§ wn for different .
* developed varieties and hybrids-which would utilize the full latitudes \Frgure 9. This assumes a ho%::urfaoe and
. '_ length of the growmg seasdn. With many crops, this required no atmospheﬂc #\terferenoe The energy ly re&lvad % -
. that the.agricultyre be&en tnore £nergy intensive. For ex- s will vary wxdely, dependmg upon the geaso nd loal B -
- ample, corn utllrzmg the full growing season in the corn -  weather. conditions. Generally speakmg the “highest in- \
s . belt does not have favorable weather for dryrng in the field: tensity and Mrgest quant./ of solar energydvailable anr)'ually g s
v . As a result, from 2 to 3 trmei as much’ fossil fuel energy |s " inthe US. oceyrs in the Southwest pth the Southeast fql'
, - requu%d to dry the crop-as is required for alt operatrons for Iowmg For example, for Tifton, Georgra the minimlni . ) .
) producing.! . . energy recorded duririg the past year was 183 8tu/sq. ft./d .

: Inexpenswe oatural ga@was used to make ammonia to and the maximum was 2881 Btu/sq. ft./day (Table 1). Each _
supply nnrogen to crops, agaln ‘to increase productivity. *” year, more than 500,000 Btu re received per square foot: .
_ . Very hzgh productivity is obtained in some arid areas This is equga!ent to more than-5 gal.léns of LPgaq. R L
through irrigation. This practnge is very epergy.intensive. . 40° x 100’ orage shed with a flat roof would thus seceive
- Twenty fimes as much fossit fiiel snergy may ¢ required to the energy equivalent of 20,000 galfons of LP ga¢ ahnually. '
provide irrigation water as is required for aH other opera y. making the roof 'stope 20 the south the ene(gy reoe:ved t‘

tions for producing that crop.! . * would be increased. B
Cheap energy, and the devglopments wh»ch it Toster , ' . For the energy to be useful, .however it must c%
¢ has allowad \OM U.S. farm worker to supply food a lected. Solar collectors may be classified broadly as eith
" natural fiber for himself and 50 otier people. Although this flat-plate or foamsing, with the flat-plate ddsignation in- ..
L4 miracle of U.S. agriculture is energy {ntensive, the cluding solar-ponds, tubes and the, llke The flat-plate col-
gnergy input into producing and”delivering our agricuitural le€tors are generally limit maxrmum pracucal tempera- . .
abundance amounts to only about 2 172 pemer@f oUr . turks of fess than 250°F, wn.rqs the,foculing collectors can
_\'Ybﬂl energy consumption, praduce temperatures of several thousand degrees. Diffuse L
As we look to alternate energy, sources, it is natural that ﬁtwﬂ can be oollected by the flat. plate type of col- TR
we, especially in agrrculture look to solar energy. T;'IISII'\&X' or, buf arrect radmlon is necessary for the focqsuﬁ -
' - . ' 8 U T
LS ry ' R b . ’
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- . e Table 1 . directly the collector ‘throdgh the storage media and -
*  Saler nbonttTrhon Georgia Since February 1974 then to, tbe rop beng dred or the facility being heated.
T (Recorded on honvl surface) - Duning ‘perigds of Solar radiation, the storage medigp/will -
’_ + - n - v absorb heat. When the sun isn't shining, air passing Arough
*. . * ('4( - | Buw/yh . Time the media will pick up heat stored previously. Waker offers
Minimum Daily , L,z& 183 L _.more versatility‘as 3 s’tbrage media. It does, however, .re b
Maxmwm Qiity ¢ < 288% qurre sbme sort of heat exchanger This may rangg from 3 |
4 \Average Mitimem 1006 . Dec. srmple pipe layout, if the stored energy 1s used forhgatipg °
7, Aversge Maximum , - . - 2032 June a bmldmg or greenhouse, t0 a more efficient fadiator: ‘types  © .
iy /’I_'otal ng, Year, v 534,000 Btu sq ft heat exchanger~ when the stored energy 15 to be used for~ |
crop drying. ’ Lt
- v / . Even though the solar energy is free and the cost for i
lector Most of the ag&cultur applications require " pperatmg the pump or fan to move it fro'rn the collector
maximum tmperatures ran§|n§ from than 100°F up- 15 very small, the mitial cost for the collectot nd storage .
. wards, makmg the fiat-plate collector ideally suited. ,System 1s substantial, Singe the collector and orage sys- *
. Although the maximum temperatures may” be low, the “ tem cost is fixed, the systerh should be designed for mhaxi-
' ., total ener’gy requrremem for a specific application may be mum® annua!l use, Just as it would be unprofitablefor an -
‘o great, This coupled with the uncertainty of.uppl’y dictates electﬁc)pmver companv to ﬁ'owde generating capacity for
storage for most applrcatlons When L3If 15 used as the an Irngation system.which would be used twice a year, it
fnedium to transfer heat from the collector rocks are often. , would probably be unprofitable for a farmer to put in a i
, used as the storage mediun® This 15 a ‘relatwefy simple pro- solar collector and storage systeyn Which would ke used for .
[ - cedure and, for some applications, the 3ir may be drawn only one or two weeks of the year. Thus solarenergy will  » —
9 . \ > s 86 - . .
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* of energy are no longer available. Cs
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are. thermal electrical, chemical, biological and mechani-
cal. These may be grouped into three-principal categories.
direct thermal apphcatnqns solar electric applications and
“fdels from biomass. .

The direct thermal appiacataons technology forms one of
the four major programs units within the National Solar
Energy Program. This umit comprises two major subpro-

probably not be used much unless its cost can be reduced
«{by using it thtoughout the year) or unle§s other sources

The Energy Research,and Development Agency (ERDA)
believes that solar energy technology offers the potential
for supplying as much as 25% of our energy feeds by the
year 2020 (Table 2) if cost of collecting and.utilizing can-~

,  bereduced substantially.2 y  grams. (1) the solar heating and cooling of buildings and
- . Table 2 the supply of service hot wager, and (2) the use of solar
t y able € “ energy to supply heat for agncultural applications and for
B stumates o t'i'e Amount of Energy to be mdustna}{rocess heat apphcahons (Table 3).
. . Supplied by Solar Energy
. - -
- “Year Tabla 3
Conversion Technolo: i i icati
3 gy 1985 | 2000 | 2020 Estimates of Solar Energy for Direct Thermal Applications
Direct Thermal Applications . .2Q* 3Q 20Q [ Year .
Solar Electric Applications 07Q( 5Q | 15Q 1985 | 2000 | 2020 ,
Fuels from Biomass - .5Q 1 3Q s
- om \ 3 10Q Heating and Cooling 0.15Q1} 2.0Q | 15Q
Total Projected U.S, Demand  |{100Q | 1500 [ 1800 Agricultural Applications 003 |06 | 3
Estimated % of the . 7 Industrial Appllcatlorp 0.02 04 | 2
, National Demand 0.8 7 25 Total 4 *.020 | 302 |- 200
‘Qs= 15 . v .
Quads ‘00 Btu/Year R *Q = Quads = 1075 Beu/Year ] .
ERDA hae defined eight national elergy goals to gwde our ©

ERDA has made funds available through ARS for research
related to the latter subprogram. This 1s davuded nto four

country’s progress toward energy im epende%;fhese are
C ically re-

- - coverable raw materials used f& producing energy. categones: T T T .
2. Increase the duhzatnon of ‘essentlally mexhaus‘uble Grain Drying :
¢ domestic energy resources . , * Greenhouses and Rural Res,!dences ’
3 Effigently transform fuel resources into more desir- Ligestock Prodﬂn Systems v
able forms B . * Peanuts, Tobacco and Forages v

4 Increase the efflC|enCy and reliability o})the processes

> Used in the energy conversion and delvery systems.

5 Transform consumption pMterns to improve energy
uttlization. TR

6. Increase end-use efficiency

7 Protect and en'ha'noe the general health, safety, wel-

" fatesnd environment related to energy.

f’ Peﬁform basic and supporting research and technical
sérvices elated to energy

. Of these eight goals, solar energy can contribyte signifi-

Through a principal investigator for each of the four

c’at nes, research i1s contracted with both educational and

" non ducational research centers. Grain drying research s

now Into Iits second year, the greenhouse ‘and rurgl resi-

dence group has almost completed its firt year énd re-

search related to livestock ‘production systems and drymg

and cuning of peanuts, tobacco and forages was initiated
July 1975, .

From research programs such as these, i1t is expected

that solar enerdy applications by the year 2020 will supply

cantly to four,of them 2, 3, 5, and 7 Solar energy can be
converted into useful forms by 5 basic technologies. These

\- ’ !

. '

’ .
S |
.5 . . i
1 Bond, T E, “AnAssessment of the Potentiat of Solar Heating to
s the GreenRouse Industry,” Solar Energy Apphications WOfkshop,
s Univegsity of Marytand June 56, 1975 , |
2 Bond; T E, “An Assessment of the Potenttal of Sotar Enemy to
+ Rural House Heating Systems,”” Solar Energy Apphcauons Work.
shoo,Umvamty ot Maryland Jyne 56, 1975
3 J L Butler, "An Assessment of the Potential Apphcaﬂon ol
Solar Energy to the Curing of Peanuts, Tobacco and Eovage,”
Solar Energy Applications wbrkshop University of Mavy!and

June 5-6, 1975 Broiler Housing,” Solar Energy Applications Workshop, Um-
“«4 CAST Report, Agricuitural Engmecnng Vol 55, No 4, aApnl- versity of Marytand, June 5 6, 1975. \
4 i
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a substantial pértpor) of the energy required for the pro-
duction of our food and ¢omfort,
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ENERGY USE AND CONSEhVATION IN THE . / A
CANNING INDUSTRY “~-: - - v N .

v > - vl ' ¢ B .
Tt .. ° E.R. Ekins s ‘g < ?
’ ‘. A ~. Manager, C'hemisrry Division . . Y
- . . National Canners Association . . 9
' ; . ° Washington Research Laboratory ( . -
» . \ @ . . (4 . ’
K i . - \ . _ * - -
First let me say that | am not an engineer,sl am an conversatlon by nearly everyone fmrn the homeowner to
gnalytical food, cheniist ‘that somehow got into the energy - . prestdents of the nation’s largest companies, it soon bé. .
field in a veryJsmall way in late 1974 and-early 1975 as a came apparent that energy conservation was gomg to be
o result of the/energy crisis that hit this country in the’ a neeesstty in order to survnve :
winter of 19¢3:74. That winter, Jgnergy was the topic of R N . . |
’ ER - L . - \‘
ok ‘ . A ) N . v N v
»

. Canmng-Operattons that Requrre Energy . .
S PN f 5 . > ,'5"_\

, \'The variety of unit operations that’requlre energy and must be estébhshed by competent aathorities qualified by
i . that are necessary to pro(du‘ce the thousandsof thermally . proper training and exper‘enced"rh_mts'hrghiy Epectaﬁzed‘
) . processed, products each year is atmost endless. Also one fueld Abso/utely a;attempt at energy conservation shpuld .
must remember the seasonality” of the canning ndustry be made by mokmgad/usrments in these.cr/t/wloperat/ons,
. which ss probably one of its most outstanding chargcteristics. For example, retorts or cookers must be properly.venied
’ Many ca A d food producers achieve year round operations to make certain Jhat all ar pockets are removed beforethe , ~
by varytug their produce line and taking advaritage of “off «  vent is closed and timing of the process'is actually started. t
sepson”“production opportunities. However, the basic sea- A, pockats trapped in the loaded retort will impede heat .
. sqnality imposed upon the jndustry by the harves mg schéd- . tfansfer to" the® canned products and can tesult in seri-
~ ule of the preducts to be canned 1s a fact. Many plants Ty ous understerul;zatron. Proper venting may requfire that re- M
the industry are not in significant praduction di]rmg aff- torts be exhaustéd through vhde ope‘n*ve‘nts for perlods.up
. season periods but still must maintain heating or cooling of to fve' minutes ot longer; it is ooncglvable that an uniniti- ’
offices and warehouses, etc. which require ”rgv and power.  ated conservatjon enthusiast mgght preoelve venting sched-

put even zﬁer ules as an obvious opportunity* toy Save stream by reducing .

Waste disposal- requires continuing ene
% venttng\tlmes Although there may be opportunities to re-

C. actual prod n has ended.

For acid_foods the most slgmflcan! energy require-, cover Iuat from exhausted \steam, venting schedules must “
i’nent 1S the commerc:al sterilization or thermal proce‘ss- be established by compefent people and must be reltgrot:sly
\ ing operation. Processing 3emperaturss for canned producta adh’e& to. Obviously, the sathe considerations apply to
. are carefully desrgned to make certain that all organisms of the heat processing step itself. . , N
. .= public health Significance are destroyegh, These processes | T - S . . R
i4 N 9 .
= . » ~r o B v < T .,
. c.o e - b - ‘ \ . . » -
o \ - < :
’ Consarvatuon Moasures N L2 .
;‘7{: ] . ' - K .
; Y The orgamn of a conservation program must first in this, cor,ntry were n’ sufficiently. hlgh to' repay intensive
have the cammitment of top management to see that the cdnsarvation bfforts, -
job gets, done. The necessity ta focus managerial efforts Priorities utilized to deal with. the current fuel emergen-
on intensive campaigns to consgrve energy resduroes is rela- cy may be summarized in the following manner but may
~ tively new to most cofripanies. Until reeantly, energy cosls not be the same in all companies. S
‘ < ! - N . L]
] ~ o P . o ’
Q . .

ERIC' - '~

w3 Bes <& - .



‘mergoncy FuelAllocations. .
Make whatever fuel allocatlon decrslons th‘are neces:

sary to stay in productipn.

* Good Housekeeping' Utility Conseration
Measures Must Be Enforced
‘\We will talk abut these a litt)é lager.

v
~

s

» N
‘n

in order to meastre the effectrveness of the utihty con-
servation prograim »t is necessary to have . '

[y

' {1) An accurate metenng of the utility Input.. This in-

cludes electnc power, fuel, water — all energy should
ke converted to common units sueh as Btu's,

) EVaIuatnon of productnon in termsgof energy used
per unit output This could be,.for example tu's/
, standard case of food or for that matter — Btu's/1000 -
Ibs. of frnrshed product.

s cost was negligible. Therefore, the benefits from such a pro-
The audlt should cover all enbrgy sources utilized by the gram will depend on, the &egree of wastefulness that had
company such ras power plant fuels of all types, veljcle been allowed to develop prior to high energy cost.! .
‘ { . S = V] PN n
- ; ¢ - .\ BN . ;
’ S ---w-Gensenetton in Housekeeping Operatrons Togm A m e 0
The followmg is a greatly abbrénated version of house- conditions, Keep windows free of obstruction for
keepmg hints ,that may be 'llp!pfu\l_m eliminating waste(fﬁ R maximum sunlight and keep wiridows and doors, »
. enbrgy,yses. . . . - clostd. Time controlled thermostats for| Iower tem-
! N peraturescafter working heurs can save a aif amount '
L'ght'"q . ! £y, " /v of einorgy 18 N
o ) (1) AN Ilghnqg except for securi Y ahd saféty should be ., (2} Maintain clean ftlters n heatmg and ventllatung sys-
T turned off when notin use. TlNutches for interior tems, ’. ‘ '
~ lighting and photo cell switches fbr exteridr lighting * (3)" Control the make-up air temperatures and quantities .
‘ should be considered. Lighting in areas other than m ventrlatlon systems to a mlnrmum - ¢
’ work areas ¢an be reduced: e . {4} War¢|'ouses which are not used often?shéuld be
(2) Usé fluorescent, mercury, or sodium fixtlres ' where heated to no more than 40°, while 50° dry bulb
o o feasible rather than xncandescent since they deliver «~temperature may be suffrcnent for flnushed product
, . more light per krlowatt hour. . ! warehou;mg Employees working in these areas can \
{3) Install ieparate independent lighting circuits and wear ‘jackets or sweaters at no uctiop in Wﬂl’k
. ‘ ~.switclies whert it s practical to provrde for Iocalrfet efficiency. . ’
oy "Sht of work areas. * : Lo {5} Particular| attention should be p d to keepung ware:
* .'/ (4) Replace age-yellowed prismatic panels and lovvers. ) house ddors closed to the mayimum extent possi- »
- Upto 15% improvement in lighting efficiency may be ble. ConStruct entrance ports.for large doors leading _ + <
" . realized. Consider groug mstead of sm{gula} bulb into plantyor offrces Consider the use of carpet to .
% replacement. *, o reduce floor heat loss, ° .
(6),Keep lamps, fixtures and reflectmg surfaces clean. ' (6) Consider night tme and weekend shutdown, of
“  Post instructions for operatmg, cleamﬁg and mainte: boilers used fgr heating only. . o
. nance of light fixtures.«." " ) L g
- . Water ’ N P
g Heating ‘(1) The supply of)vater requnres ener)gx for produgtw? ’
‘ {1} Office temp&Ftures’ should be-held to no,more than . transportation, punfrcatlon and waste treatment. v
‘ 68°, The use of personal electric hgaters& wasteful \ . Consequently, saying ‘water will save er\ergy and -
but could be permitted, under extreme-or unusial dollars. N o0 I
. " S P -
r '." ot . T+ 89 .2 ‘ . .
Q ‘ 7 . 4 . R ) 4 , 3 2‘
SERIC , : ..
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Enginoering Corisiderations .

of waste hAeat and

» Money to recover utilities—utihizatg
reuse of water.

.

Evgluate Opportunities for Alternate Fuel Systeihs
in the Event That This Should Becoms Necessary )

.

v

ty /Addits

fuels (carg, trucks, forkhfts, etc.) electric power,and natura!

+ gas. Electric power and*gas wouid probably be from metered

records and, in addition, accurate records of bottle gas,

gasoline, coal and certain other fuel onls would have to be
kept separately. ° .

' The*'best place' to start a consjvatlon program to elim-

" inate the wasteof{l use of energy would beahousekeeplng

i

operations. Many of these housekeepxng details are routlne

and are operations that many people ignored while energy,




‘(2) Stop leaks and use automatic-off faucets or shut off
water lines left running for no reason. ’
(3) Consider reductng the temperature of hot water for ~
personnel use and turning water heatmg down or off
on weekends.
(4) Make-a thorough study of.the use of pro’cessmg
“~water with the objective of accomplishing necesary
washing and cooling without waste and with the
maximum reuse of water:
(5) Consider clean-in- pIace systems for specrftc appltca
LI, tions, . > .

s O
~~ Elsctric Pomr.\ o ; '
m A systemattc review of the entire electric’ power sys-
- tem should be made. Adequate instruments — vort-
meters, RPM indicators, etc. — should be used in
this review 4
-{2) Overloaded motors waste power in the form of heat

.
and are obviously undesirable because unnecessary « N

stress will shorten the service life of the motor.
JUnderloaded motors also waste power,
{3) Loose drive belts waste power - check, these rdu-
tinely and also check lubrication of drive equipment.
Do not operate standby equipment when the pri-
mary equipment cancarry the Ioaa Turn off electrtc
motors during noh~production pel'IOdS -
Steam S * co . »‘ '
- ‘ v
{1) Check steam dtstrtbutlon _Systems from botlerto end;
of hine for losses and remove unused and unn@es
sary steam plplng
(2) Reparr valve seats to prever)t,steam
+¢ empty setorts, steam kettl( etc.
(3) Instnu ‘ana mamtam steam traps at the end of steam
mamfolds at r.tort mstal]%t'bns it may be worth-

eakage into

vyhrle to pope the steam exit of the traps toareturn ~

Yine to be Used to warm make- -up water~for boiler

operatigns, .. \S;\ :

{4) Keep hdat trafisfer surfaces cléan and keep insula-
\ tion in good cond’rtron .

(5) _Check condensate return system for malf&tton-

mg traps and leaks tn the line. .

(6) Check for- excessive steam vented to atmosphere.

) Perlodlcally check- steam- usmtg‘equtpﬁtent even ine
/blaachers heat exchar@ers exhaust boxes, cookers,
)

< Cew

Raw Product

. Just a\few énergy saving tips on raw product handllng
o maybe worthwhde., S - S
(1) Reyiew prodttt:t receiving, told storage handling
“and cleaping methods to determine whether engl-
neering changes are feastble for energy or water con-

servation.

retorts and kettles for opera‘tlon at’ﬂ')ger tempera-»
' ture and the absence of Ieaks,

.

. LY
Boiler & Power Plant Operations™ *

- %

(1) Continued traning of boiler] operators is essential —
particulagly n ful load operation, wnth.alternate “
fuefs T * .

. (2)* Each boiler mstallatlon should include an on-stean
gas analyzer to measure directly the volume by per-
cent of oxygen and combustibles in the flue gases. If
there Ts excessive air in the flue gases, the boiler fuel

¢ settings shoulq,be corrected lmmedtately '

(3) ‘Each mstallatton should have and use a stack gas\
(emperature monitoring device, -

(4) Instrumentatton and auxil y equrpment must be
kept in first-class condition,

(5) Boulers should be equentfy cheéked for cIeanImess

conglition, includings, N
dtrtykburners - mefftcrent burners should be re-
placea’ -

, cracked or loose refractory, especially around
* drumheads  _ ‘
{oose Imkages or stack dampers i
Iag in,boiler control Ieadmb to tmp'bper oxygen'

content in que_gas o . N
" all surfaces of drums and tubes

.(6) Reduce boilers to low pressure on weekends or dur-
ing low or noniﬁroductron shifts, use minimum pres-

e s,ue and number of borlers possible. 4 *

RUN Reeover “heat from waste steam. M .
If cans are cooled n the. retort, surtable plplhg A
arrange nts,can be made to ut|l1_ze the initial hot

. water jler Make-up water N - .
In water processing of glasscontalfters,, the steam-
water fnixture frolm the pressure regu!attr}g\valve\

« overflow ¢ used for boiler make -up water
or for heating bquer maf<e ~up water. N
If a vent biéw-down mamfold is used at refort in-
stallations, a watgr ling installed n tfte manifqld
couId utthze heat from the steam for preheatmg
" boiler make dp water. Rerfiember that the vent

+ manifold’ has to be large enougt} to meet GMP
regulattons 21 CFR 128b, subtracttng the. area

\

- upied by the water l\e. L
(8) Mak ffecttve use of competent consultants.

» B .
N

“ ¢
ndling and C‘Ieaping

? ’ . i “
< {2) Use gravnﬁlow wherever possrble ;' .
{3) Schedule fyll and contlnuous produgtion Joads ; )
wheneverpossible. »:‘ A
(4) Mtnlmlze water use consistent with proper cieanlng
and myestrgate dry cleaning possibilities. Re-use -

water by counterflow where possible. T
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(5) Determing whether reduction of wash water tem- (7) lnvestrgat alternative blanching procedures and
perature 1s practicabl . avold unnec¥dvary. cooling of blanched product. |, .
{6) Do not , preheat blanchlng equlpment before i’ s f (8\ Use insulation where needed t®minimi2e heat loss. *
necessary 3 ) - . : |
. N - Y ¢
) ' . N A g
s ~ - by . ! ~ - . Q’ . -
. Process Equipment Ca - - ce e ..
Ty, ‘ ” ' ~f ‘ s,
. - ) v, : ’
/ 1. Adequate v_entrn;o\h$from retorting equipment and duction scheduyle. . i
. continuous free stéant flow from the bleeders is essen- 3. Consider insulation of retorts to prevent loss of radi”
tial for safe processing. Never attempt steam conser- . " ant heat and minimize employee heat exposure. ,
vation by decreasing retort venting orrclosmg fetort . 4. Check air equipment for leaks to reduce compressien -
blgeders. P — time. Compkessed air 1s a cogly utility. Imspect and *
2 AVOId preheating and venting contnnuous retorts review all plant opérations to locate and eliminate
before t}xe time indicated as necessary by, the pro- unnetessary or wasteful uses. * ' K
. N k »> ;
3
L ' i - ~ . (.
v ‘ . . ' Equipment Mamtenance ,
s ‘e v ! . ° o R
Preventwe maintenance of all equipment in a canning no doubt already a.major, featuré
plapt 1s essentral in achieving peak efficiency. While this is must be x}loqbly empﬁ sized at this time. ",/ . -
. - ﬁ 'n ' i /“'\ . v
’ t » N . .
. S ) ) Conservation Progress in the annir}g/lndustr
' : . N N ke . ~
. 5 . L g . .
« In the winter &f 1973-74 1t became apparent that energy We wase requested to obtain and compil da*ron total

§ »
conservation was
search Laboratory
of canning In

rsonnel organrzed a hoc committee .. monthly data at quarterly intervals to the DQC. T4 ¥ag

try engineers “to coordinate conservation , tate intes- |ndustry Lomp a3

Ing to be a serious b\uslness NCA Re- - epergy usage and total product. output, apd to repor.,

sons, we were requested to

efforts and poo)ideas on specific measures that were under- port our data in terms gf millions of Btu's 1000 Ibs.
taken in their despective r'pmpames to cut energy use to an (label weights) of frniih product. This, of course, |ncludes
*~ "X absolule minimum, This committee helped produce several ~  the packing fiedia 7 . MR
mailings to NCA members Sharing energy saving ideas. ‘The Our malllngoﬁurv forms reached the'canmnd'industry
- first format publlcatlon to result frofNeS aff and Com- near the end of F uary of this yéar, initial results were
» Mmittee efforts was 9’3r Budlletin 36L Energ rvation repbrted to the DOCRn May and were updated’m June 1975.

n the' Canmng lndustry issued in Apnil 1974 Much of the The update inclu results for the flrst‘ﬁuar‘ter of 1975
mformat»lon glveRI earlrer in this papér actually came from We have since report d —ta Q.OC results for thF seoond

ygpulletm = o quarter. RN ~—,“2 Lo "
Later in 1974 thenﬁgcretary of Interior, Rogers B.. * . Taple 1 sHows the updated resul réported to DOQ

- Morton, Lharman of  the President’s Energv Resources ' Energy usaIs reported . ternts of Buw’ s/1b. of finished cut
Councit 'and Commerce Secrétary Frederick D¥nt, launched ,° -, fproduct ,
. .the admrnrstratuon s program to encourage voluntary energy «-* _~ - . . ' ~ PR
consefvation ‘efforts:in inddstry. At a meeting of trade-asso-" LI . Table ]
ciation executves in Novembet, each tradg gro _pwas chal . ¢ Measure of.E“nergyLConsergatqon o
™ -lenged to” obtain agreement of its members td- |mplement . AN , Cartning Industry’ R o "
conservation prog Y with _speqflvl!mg and ort ,term P —— — — M =
Ml!h a reggiar proceduré for repomng redylts. C . . , 11972 1.973 . l&?{ )
In January of this year outy ad Hoocomputtee . met with B "‘AP!"S’" . 3 1-_, s \ —
DOC officials to discuss organizati of a procedure to (Lal)eL Wt 10ﬁvlbs ) . 20741 21762 22{83’8
survey the cannlng industry and, onjt results of their g . . ? .
conservation refforts. Two  goats were ‘established ¥y the A Btu(10 )" . 47,434 | 248096 | 48157 . v
° adminstration.” ¢ - o Ratio ’ . N B
- *(1) redyction of il imports by 14 mrlhon barrels adayby * (Bty/Eabel Wt Ib.) 2287 |+ 2,210 | 2,109
: the end of 1975 and (2) an efergy conservation of, 15%by , (Percent mibrovement Base Year 337- 1. 7'78
i ' 1980 using 1972 as the base year for companson purposes. —— - - : S




.> In 1972 production was 20 biltion_741 milljon pounds
using 47 tritlion 434 billion Btu’s — or 2,287 Btu's per
pound of fmushed product —using 1972 as a base, an energy
savings of 7.78% was realized in 1974, These data represent

an estimated 68% of the total annual production of canned

3

foods in 1973. Estlmattons were not,made for 1972 and
1974.

Figure 1 illustrates energy use per 1000 Ibs. of fmlsﬁed .
product_as reported to DOC. Data were presented on a
monthly -basis.

;o B > F|gure 1
. Energy Utiliz_auon per 1,000 Pounds -
8TU'S/1 000 LBS Finished Canned Product

MARCH ~ - MAY:

Aruitoxt provided by Eic:
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The predominating seasonahity of the canning industry is report to DOC the month of highest energy input occurred
immedsiately apparent. THe curves have the expected shape in February 1972 at 3.55 miltion Btu's per 1000 ibs. finished
with energy usage on a unit output basts reacf\mg a mins- ( . product, . ' s - .
mum during the most productive month of August, Septem- , Figure 2" emphasizes the point that maximum energy
*ber, éc‘tober and June August is the ‘month o} r

h|ghest Hsage in the canning industry occurs in the summer months
produttion foliowed by September. These months account during periods of reduced dom;stnc der?nd.
for substantially more than 50% of the total production of The total ,energiy used by all companigs responding to the
the reporting compantes. Duning the period covered by the survey 1s shown on a monthly basis. The number of com-

. . , " Figure 2
) Seasonality of Energy Use ~ s
- . TRILLIONBIU S Total Energy Used by Survey Respondents . . , ) ,
- *
N ) I ¢ L <
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panies |espondnné in the three yedrs rec‘\orded IS approxi
‘mately, but not" exactly, equal. Maxnmum energy usage
occurred In September ; :
Let's now take a-look at factors that may complicate
conservation efforts The highly seasonal characCler of the
canning industry 1s well iilustrated by the datg presented
n, Figure 2. A “substantial majonity of tpe totql energy
required for, the annual production of canned.products is
used 1in ofly about 4 months of the year—the summer
months The seasonal character then presents o severb chal
iehye to the industry’s energy conseivation program Fruit
and vegetable cannersyn particular dre at the mercy of the
weatherand van exefcise only hmited contiol over the timing
and rates,of raw product ariwval The nature of the harvest
season can dramatically affect the results of the best planned
conservation effort For example, in the early part and near
the end of each Season, 1t 1s frequently necessary to fire up
the power plant and hoId the production line n readiness
for’ receipt of raw product only to find that unexpected
weather conditions have totally interrupted the expected
harvest schedule and httle or no raw product arrives at the
plant These false start ups are difficult to avoid and obvi
ously are costly in wasted energy Inter muttent production
days In seasons of irreqular harVESHosultnng from unfavor-

—?» ——ab&&weathemndﬁmns—afmmﬂwn—tefms%enefgr

use per uhit of finished production .

" It should be evident that production volume exercises a
drdnatic intluence on energy utilization efficiency Gkher
factors not entnray within the control of the canner include
produrf Mux, ur the thermal processing requirements of the
canned product in production. Comphance with OSHA,
EPA, FDA, USDA and ,state and local regulatory require
ments can totally offset conservation efforts,

In order to illustrate how this can come about | will try
and, relate to you the expense of one meat canning plant
in 1971 the plant had an energy-wse efficiency of 3.2 million
Btu's mer 1000 Ibs. of productiph. This piant had installed
a hydrostanc cooker which eliminated a number of stil
retorts and would have expected to bring about a substan
tial reduction in steam requirements. Further, gthe plant
installed an automafed smoking unit which should have )

#resulted in more efficient control of this operation.

Working against these energy conserving steps was the
instailation of several heated ‘make up air ventilation units
and exhausfers, added to {he plant to satisfy Health Depart-
‘ment and USDA requrrerﬁentsieam and power requiredy
to -operate these untts amounted to 097 million Btu's per '
1800 lbs "®f finished producu A second and extremely

. important factor operating agdins{ conservation efforts was
.

a substantially reduced total volume of fsnished product
output, the 1973 productlon totaling only 85% of the total

. label weight of the product produced in 1971, All of these

factors added up to an energy use in 1973 of 5,4 biltion
Btu's per 1000 Ibs. That is, it took 2 2'bithon Buu's-more
{o p‘rodut‘e 1000 Ibs. of product 1 1973 than in 1971 An
nteresting observation, hewever, is that 44% of the increased

93

.

ene'rgy nnput was accounted for by compliance with govern .
ment reguirements
Let’s now look at.the future of energy sources to the
« canning industry The most convenient ard certannly the =
cleanest of our energy sources 1s natural gas
An article in the weekly, energy report put the concern
for, natyral gas in perspective by s3ying ""There is a mass of
evidence pointing to the fact that United States gas Feserves
dre now being pushg,t'ewar(d exhaustion " As proof of this
statement, interstate pnpelmes curtanled over 650 billion cu
ft ofgas in the first quarter of 1975, some two and one haif
times the_curtailments it the first quarter of 1974
What does this mean to the food mdustry? TH; situation
IS quite serious.in Cahfornna all |nterrup abie gas users have
been toid by therr supphers that t ey..l:an expect 100% » ~
curtailment by 1978, Th‘ggm@ans that canners, like all others,
_must be prepared to switch their boilers to an alternate fuel
when the curtaiiment Qolmes, Problems Absolutely no stor
agé capacity for alternate fuels and, in addition, not enough
tank trucks to haul the fuel We at NCA and the cannjng
nndustry are strong advocates of well-head price derebula-
tion which would add large new gas reserves This would at
leastgive canners fime 30 make the necessary adjustments in
switching from g4 to an alternate fuel
- Fuelt-oils presem~another—complex srtuat&onAn—wmchf
almost anything can happen There are optlmlstlc predic-
tions that plenty of o1l will be made avallaple, but what of
he eyer-present threat of new Arab-Istael conflict and
§1éther o1l embargo which this time would really cripple the
world's economy. For the forseeable future, the food indus-
try will continue to obtain all its o1l ngeds under the present
allocation priorities However, as more and more gas users
yconvert to oil, there 1s 4 good chance of a supply crunch.
Every canner should have a reliable oil supplier, and at least
10 days storage:capacity. i 1
Some actions that the Federal Government should take
«to help alleviate the‘energy problem.are
® Postpone strict air quality laws This would allow
utilities anmy users to convert to
' coal-fued boigrs and take pressyre off o1t and gas.
o Gradually de-control well i r1ce of new natural *

.-

'V .

¥
gas and old o1l which wo rmit operations of
fields now closed 1n or curtaiied duge to econommics.
® Push devel_opment of natural gas lines from Alaska
* and Canada »
e Force regulatory agencies to adopt reform proce-
dures. 4
5 o Give nat'uralgas priorities to agriculture, food proc-
essms can making plants, transporters, etc This 1s
urgeﬂtly needed, in order to ensure constant food
supphiers. : -
"o Suspend arr guality laws to elrmrnate gas after
burners 2
o Exempt food processing frqm proposed summer
peak load priging of electricity becanse of its puni-
tive effect on a seasonal industry.
Y ' —
'4‘-;' /:i}' ’ : /
. - d
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ENERGY AND THE U.S. FOOD SYSTEM
) b ¢ W. L. Harris s
’ . i Professor and Chairman_ '
) Department of Agricultural Engineering
University of Maryland
“ ’ 2]

. For the past two decades, the U S had abundant’supply
of relatively low cost energy With the availability of this
energy, our economic and social activities became erergy
Intensive as’ indicated by a dofjblmg of energy consumption
between 1950 and 1970. The energy was used to obtain a

‘ high level of diets and to obtain morg and more material
comferts for less and less human effort
« The U.S. system for producing, pr_ocesq,ﬁg, marketing
and utihzation of food and fiber 1s typigal of our energy
intensive society. Elements of the system rely heavily on

. substitdtion of energy for humarn. effort. In conjunctron

with other contributing factors such as new crép varieties

and animgal breeds and |mproved.cultural and management
practices, the overwhelming success of the system has been
attained prlnCtpally through the ncreased ut:hzatlon of
energy. The increased use of energy has resulted In 1ncreases
N unit productwrty on our farms_ and ranches, 3 wide
spectrum of Wholesome and nutritious consumbr products
. and the releasg of a major portion of our population from
menial, tedious and economically unrewarding tasks.
-A review Bf our energy consumption patterns and’ the
ayailability of energy resources in"the U.S. will help to put
. "‘ the energy consumed in the food system In better perspec-
v tive, In 1972 the annual energy consumptlon was approxi-
- -»maf!ly 77, x 1015 Btu or the equivalent of 36.5 million
Ny .3 barrels of crude oil per day'(7) The major categories of
energy consumpyon are’ transportation 25%; industry 29%,
elettric utilitiey-* 256%; and resndentral/commercral 21%
" +*®  About 95% of the U.S. annual energy budget comes from
e 4 fossil fuels with 46% being obtained from petl:oleum 32%
V“;. ftom natgral gas and 17% from coat. Hydroelectric genera-
tion accquntsforabout 4% and nuclear energy 1%. Approxi-

_mately 84% of,the annual budget is produced domestically ‘

with the remaining imported as crude ol or gas.

-

energy through 1950 when dependence .on foreign oil began.

} The situation deteﬁorated very rapidly and by 1973 im-

! ports of.foreigh oil*increased to 36% of ddn)estlc petrofeum

" demand Estlmates of our u'epletable energy resources are

indicated in ‘Table 1 th the renef«abl&esources are shown
in Table 2 =
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Estimates of U.S. Depletable Energy Resouroe! Expressed
in Units of Annual Energy Consumbuon (2)

Resource . Rgcoverable Totat
Coal 125 , 1300
" Petrolevm ] 280
Natural Gas - "5 110
Ol Shale . , 2500
Nuclear Fission 17 - 766

Nuclear Fusion o 1016
Geothermal Heat * 0.2 >660

~ Lo . -
Table 2- :

¥

-

Unul 1974, domestic energy, demand had been increasing .
between 4-5% annually. The U.S. was self-sufficient in |

Estimates of U.S. Renewable Energy Resources Expressed
in Units of Ahnual Energy Consumption (2)

Resource, * Continuously Available
Solar Radiation . 740
Wind Power * 5
Sea Thermal Gradients 36
Hydropower 0.14
Photosyfresus . 023
Organic Wiles v 01’
Tidal Energy Lo -0.1
= = : -

Althot;gh the eMmbryonic National Energy Policy is di-
rected Joward self suffitiency in energy by the mid eighties,
there are strong mcﬁgatwns that the U.S. will continue to
depend upon oil lmﬁohs.to help meet energy needs for all
of the eightigs The problem N increasing domestic ol
‘praduction i formlchble Efforts must be devoted to bring-
Ing newswells 1ntp piod,&ct:qn and to decreasing the dechin-
Ing @itput from ex|§t|ng yvells Crude o1l production has
been dec’hnlnﬂ smce 197b and the most optimistic outiook
Is to arfest cyrrent decjpfie until after the ol from Alaska’s
dofth Stope starts rothg atound 1978.

* Increases 1n natural gas cinsumptlon have exceeded new
dlscovenés-srnce 1‘?68 and the potenual for expanded pro-
duCtlon ls Itmited to price and“environpental constraints.

-
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Current research and development op gasification should
‘produce a limited quantity of high- grad\e fuel

environmental concerns, avaifabifity of skilled Tabor and
equipment can be solved successfully, production should
reach one billionetons a year by 1980. Potentially, coal
could yield as much as 45% of the U.S. energy needs.

Generation ef electricity with hydropower is not antici-
pated to increase much abo@ the current level of 67 mithon
kifowatts unless tidal energy can be harnessed. The few{re-
maining suitable’ hydropower sites ‘would conflict with
-environmental interests. —

Nuclear energy, once believed to be the best ¢hance for a
rapid increase in U.S. .er'uergy production, has been plagued
by technical and regulatory difficulties. Teday des than 50
plants are producing about 6% of the nation’s electricity,
Another 50 are under construction and’over 100 plants are
in various phases of planning. At least 100 should be in
operation in the early eighties with the@c:ty to providd
up t0,30% of electrical pbwer requirem®nts. *

Carent research and development activities should pro-
vide practica) means of increased utilgzation of solar energy,
wind e ergy and bio-mass conversion. However, it is not
anticipated that these sources will have a mypjor nmpact on
the oyerall energy demands.

AQhougb our present systenyof productxon processing
distribution “and con sumptnpn of food and fiber has become
hxghly deper;dent on"abundant, low-cost sources of energy,
the utilizition patterns wighin each segment are not wel-
de{med Even the overall magnitude has not been clearly

! establushed ,gzst estimates are that only 12-15% of our an-
nual energy budget is &mg used by the food and fiber
sfitem. A recent Feport of the U.S. Sefate’s Subcommittee
on Agricuttur#tCreditand Rural Electrification (3) indicates
the following energy was utiized .in the U.S. food and
fiber system in 1970,

The data tn Table 3 do not include energy requirements
of the ‘commercial food fishing industry, commercial
forestry, and processing, marketing and retailing of fiber
products The total of 4, 700 triflion Btu’s compares wuth
other studies which have mdu:ated the total food and fiber
system uses from 6,100 to 8,600 trillion Btu's.

»

N

2 Table 3
Erlergv Utilized in U.S. Food System in 1970

BTU
(Triflion)

1051 18t
.555 9%

' Function Barrels(c;fogt)'ude Oil

Farm Production
_Farm Family Living\Product
Food and Kindred Product
Processing
Marketingand Distnibution
Selected Input Industries

1,302
833
925

178
144
160

ERI

Aruitoxt provided by Eic:

After years of production at the 1940 levels output of‘
. c0al is now increasing. If the problems associated with

Probably the most comprehensive analysis of the total
energy utilized in the U.S. food system was made by Hirst
{4) using 1963 input/output economic data. Another analy-
sis, was made by Steinhart and Stenhart (5). Both sets of
data for the various segments ‘of the food s“stem are pre-

sented in Table 4
!

'

Iabie 4
Energy Utilized in the US Food and Fiber System

> Percent of Total
. Function -
« Hirst Steinhart

On-Farm Production y 18 24
Processing * 33 ., 24
Transportation ° 3 15
Marketing (Wholesale & Retail) 18 14
Household Preparation : 30 23

0

a9 v .
The current energy consumption for on-farm production
1s approximately 3% of the total U.S. energy budget. About
half of the energy 1s used directly on-farms to operate trac-

tors, trucks, combines, wrigation systems, milking machines,

* feed-handling devices, brooders, crop dryu-]&:nd condition-

?ng equipment. The remainder is consumed<n the direct in-
r;ut and service industries to produce and supply fertilizers,
pesticides, petroleum products, rhéchmery. constructon
material, wise and the many other 1tems required by on-
farm production units. -

Over 75% of the food and fiber grown on farms Is
processed before shipment to point ‘of final demand. The
degree to which food is processed is related to the distance
from the farms to population centérs, income sufficient
to permit the purchase of processed foods and the value of
convenience. - -

The temporfl and spatial charactenistics of gnergy m;Suts
Into the producnon Phase of the system have beerva factor
in the development of a strong and reliable transporfation
system which is highly dependent upon availabil ‘vof
energy. Many food products are in a highly perishable ‘con-
dition and, therefore, both the ,qualuty and quantity a»}a|l-
able to consumers today are dependent upon the same
transportation system. “ - \

Food trading consumes almost as ‘'much energy as agri-
culture does th producing the food. Approximately 75%

of the energy I1s used in the retail trade sector ‘with the wt

remainder used by the wholesale sector.. {ndirect require-
ments such as construction of‘retall food stores and the -
manufacture of fowd, storage equipment are |ncluded in
the food trading function. . -

The household preparatlon function utilizes approxi-

. thately 26% of the food and fiber energy *budget. About

ﬁs% of the energy IS used in thé operation of stoves, refng—
erators and freezers for preparingrand stormg food. The
remainder © used in transporting food from stores to homgs
and In the manufacturing and marketing of household kig- *

chen equipment. M -
] A}

101"




1t s e,ssennal ;h_at'mogg accurate data sbout the energy

' utilized in our feod production system be determined to
provnde a basis for measuring improvements in the system"
assessing the mpact of rational policies on the s\ﬁtem de
termining, the effects™ of conservation arld or “alternative
practlfes on energy utihization, and establlshmg research
pnormes with greatest potential for developing new energy

M I!BChl‘()'UQ'('!S In areas such®as under unl‘nzed energy, sources
and the energy potential in food and fiber by ptoducts

.- Agrvculxure through the ages has been involved in the
conversion of the sun's electromagnetic energy intd chemncal
energy‘lhrough the important biochemieal process known

as photosymhesns The manipuldtion of plants and their
environment to maximize the conversion process has been

arid will remain an extremely vital factor in ‘helpm’g agri

- culture meet the food requirements of the.sbvorld's popu
fation An indicatreq, of the degree of the’ success (6} 1s

shpwn in Table 5 ’

_ Table 5~ s
Food. Production by Phoms‘ymhesns

7 . glar Ene}(gy

»
' Organic Matter
Crop 2 Efficiéney
‘°\ [ (KCAL/m2) (day! )
’ ) Not Subsigiized by’ Fossil Fuels
Farmsfn U S, 1880 . 128 003
Graio, Africa, 1936 6.72 002
-
o . Subsidized by FossilFuels
Rice, U.S, 1964 . i 10 025
Grain, North, America, 1960 5 . 012
- - T

.
s
The manipulation of amimal production practices has also

) mvolved extensive use Qf energy with a resulting increase in
productivity. Some of the srajor returns {7) received from
the manipulation of our plant and ammal production sys
tems through the mcreased applucauon of energy during the
period 1950-1973 are presented&n Table 6 !

-

) A
~" . . Table & S
! : Agricultural Changes Associated with
*,« Increased Enery Wtilizatron 1950-1973
Farm prbducuon increased 53% N

* Hours used fo} farm work dro‘ﬁped 59%
» ¢ Production per’unit of Input increased 53%
Producuon per hour'of Iabomumped 274%
*" Produ oh per acre Increased 85% .
Landz:z for crops decreased 6%
Farm pbpulatlon dertined 5?% while ponfarm populatign

2

increased 56% N . ,
Rarehits N
- v - . .
' - f D
Q N . . v .
ERIC - : ~ C
. et g .
>
e 4 . Iy

., .

* A N ~
f\s these data mdnca}e, the application of energy has
increased our capauity to produce food and fiber with less
' drudgery and more efficient use of heman and land re-
- SOuUrces lmprd'\led water control, better soil preparatidn,
and more €fficient weed and insect control have been kew
factors in increased productivity Properly applied mechan’
ical techniques of harvesting, hangdiing, drying, storing and
processing of products iseaving more of the yield and main
. taining 1t at 4 hngh'er quz‘ihty Timelintss and precision of
production .funcnons have enhanced the maximization of
production of each unit of land area and animal production
~  Yumits While these ‘factors can be guantitatively measured,
the reduction of the laborious and tedious aspects of farm
tasks, improvements in the health and safety of the ind
* vdual, and the fulfillment of human desires and enhance-
ment of 1gnity achteved through the increased use of
. energy are exjremely important but are difficult to measure
1n quantitative Yerms )
In 1973 the bstimated amount of petroleum fuels used
by farmers was 8 billign gallons, 4 billion of gasofine, 2 5
bllhqn of diesetand 1 5 bullion of LP gas {3) The consump-
" ton of diesel”and gasoline fuels was equivalent to 10% of
the total U.S consumption and the LP-ga.s' use was about
J/17% of the total’ In addition over 40 billion kilowatt hours
of eléctricity ‘were used
The utihization of this energy and the Jeturns obtained
have received a greal deatl of attention Detaded andlyses

> have been made to determine the average energy inputs into

a few of our "production systems but the relanonshnps
amenge the functional aspects of an operation and.the
fnergy |ngyts are masked To put the so called energy utili
zaton indices n better perspéctive,«1t 1S necessary to ex
amine the tasks performed with the energy If the end ob
jective 1s to produce food evaluation only on the basis of
calonies or Btu's, output can be misleadi’g Not only are
components other than calories important, in determfining
food value,- the availability of energy for human use must
be con5|dered
Energy inputs may be classified as those expandlng the
area cultivated per worker or matenia handfed per worker
and those used chiefly to increase output jer unit of‘area
or to prevent loss of production or product A iot of the
energy input data’presented was taken fram the compre-
hensive study {8) made by the University of Cahifornia and
the California Departient of Food and Agricultuve 1n 1973
. Eneréy utibzed in various production operations for
selected field crops 15 presented in Table 7 Data for selected
fruit and vegetable crop are shown in Table 8 .Energy
utilized In livestock activities 15 indicated in Table 9
A summary of the major energy Inputs for the selected
field crop 1s presenteg n Table 10 Information for the
selected fruity and vegetables 1s shown in Tdble 11 and the
livestock summary s presented in"Table 12,
When the ratios of the end product caloric.content are
compared with' the fuel and ele—émcal energy used to obtain
that product, a given ratio decreases as the degree of pro-

- y
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. . . . Table7 ¢

~ Energy Utilized sn Freld Crop'Operathns -
- * “ (Kcal x 108/t0n)
o Operation Alfatfal ) Bartey? Corn2 “. Riced Wheat3
T * Hay i 13 \
" Crop Estabhshment 243 . 1267 ° 1Mo * |* 1435 1285
Cultural Practices 0.51 003 > 284 = . 003 °
Harvest . 387 6.56 403 11 57 663
A Transport = . 210 3.14 402 304 9 60.
. Process v~ 296 296 50.88 T a8
.o Total {Kcal/ton) . 8.91° 25 36 ! 24.85 . 79.84 - 33.93
‘ 3 . {Kcal/a¥re) 5079 32, 66 65, * 219 48 4292. .
‘B‘alef 2Feed | 3Food , " . . N ~
T < * Table 8 .
- Energy Utilized in Fruit and Vegetable Production
A i {Kcal x 104/ton} »
' A Operatfon v
pe’ Green Beans Lettuce Potatoes Apples ~. Oranges
4 Crop Estabhshment 2716 > 5.00 3.03 .+, 0862 081,
N ., Culwral Practces 6.35 2.33 143 ‘9.7 227,
v Harvett 3298 #3484 R 302\ . 1.84 . 2.43
Transport 261 275 2.68 . 1.38 . 1.38
Process 342. . 3.42 3.42 328 337
Total (Kcal/tonj- 72.52 1691 [ 1258 1629 | 10,06
' (Kcal/acre) | « 11603 191.42 203.54 188.64 . 57.24,
« Table 9 - .
( . Energy Utilized in Lwvestock Operat_l'on{ 3 <
(Kcal x 1047ton) )
Operation 3 — <
Dawy Beef | Hogs » Broilers Eggs
. Feed Transport ; 12.78 26.97° 1.27 -. 6.21 © 2085
Husbandry 17.99 109 65 72.78 - 139.65 7166
. Market Transport ~ 0.67- 7.76 ¢ 039 1.84 \1 1.61 .
. . Process . 3081 * 28.24 24 47, ~ 484 .97 -
. Total (Kcalfton) 62.25 . 172.62 98.91- 196.11 ~ 97.29
{Kcal/animal) 388.78 , 91.83 1147 | an.g3 [ . 6.08
= 11,000 Bds 21,000 Eggs : .
) e ‘- L + : . - . -
o Table 10 oL .o Table 11 S
. Major Energy Inputs for Field Crop Production . Majdr Energy Inputs for Fruit and Vegetable Produttion «
v Energy Input —1,000 Keal/ton . . Energy Input — 1,000 Keal/ton
- ' Crop Mechanized \ . . Crop Mechanized :
.- Operations Fertilizer] Irnigation’}  Total . d Operations Fertilizer bmgaton [ Total
Alfalfa Hay 89 | 28 .| 183 323 Greén Beans 725 443+ 651 2,048
Barley 253 168 - 479 Lettuce 169 125° 92 484
. Y Corn - ° 249 331 .| 388 1,027 \__ Potatoes © 126 © 79 64 325 -
Rice  ° 363 +| 323 |.379 | 1185 Appies’ 163 {4 60 9 a0 -
Wheat | 339 170 - 565 Oranges 101 123 183 | 1,089
'] T
; - ) . < .
: . 98 .
. ’ ‘. . . .
O ! . i En] i
ERIC . 100 . ) S
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Table 12
Major Enefgy inputs for Livestock Productlon:

Energy Input — 1,000 Kcal/ton
Crop’ Mechani zed
; Operations

© 4623

1726 ¢

* 99
196

Feed

2,516
41,696
14,616

7.522

Dairy .
Beef

Hogs ¢
Broilers

v

cessing increases For exampie the Califorria data indicate
.545 for raw green bean's and, 288 for canned green beans,*
1267 for yraw apples and 266 for canned apples, and .246
for raw broccols and .133 for frozen broccol®

Statements have been made that prmitive agriculture
systems produce as many as 80 units of energy for each
unit of energy input Other statyments have indicated that
" the modern U S. agrigulture jystem 1s much less_efficient
than primttive agriculture systems. A compansoh of data
obtained 1 a recentstudy of Korean agriculture with data -

from the California study wiil help 10 put These stateménts

—mto-better perspedtive. .- -

A total of 4,040 man, hours and 10 hours f animal
Jbower arg used to produce an average of 11,245 kiloérams
of apples from a cheongBlo (2.4506 acres) of tand. On bar
ley farms in the middle region 1,315 map hours and 75 '.
animal hours are used per cheongbo, with an average-yield
df 2,476 kilograms of unhulled barley [n the same region
1,623 man hours and 95 animal hours are used.to obtamn an

> average of 4, 662 kilograms of unhulled rice.

The’ﬁerage Korean receives a minimally adequate diet
of 2,486 calories per day The human energy input is based
upon the equivalent number of 10-hour days required for
each crop. Oxen are the onty significant source of animal
power and the energy input is based upon the work output -
of an oxen being one horsepower with a feed conversion
efficiency of 50% Only the time involved with a specific

fornia data incidates. 1,79 vs 1.27 for apples; 4.69 vs. 6.6 1
for barley, and 9.01 vs 2.55 for rice. .

White ‘many factors are currently acting to produce addn-
tonal supplies of fossal fuels to develop new energy tech
nologies and to reduce total demand especially for fossil
fuels, the outcome will in all proBability have costs not
only in terms of money manpower, materrals equipment,
natural resources and envnronmemal effects but will in-
fluence the social and cultural aspect$of the United States.
Of utmost importance i1s that Americans must develop a real
understanding and concern about the food and fiber sys:
tem. This concern tnust go beyond the desire to maintain an
adequate food sugply at reasonable costs. There 1s a need
to understand that whatever happens in our system in-
fluences the world marketplace -as well as the availability
of a basic food diet for the people of the world,

Our food apd fiber system substituted low cost energy'
primarily in the forms of fuel and fertilizer, for land and
labor If energy ?hon’ages and price increases continue,
there will be an effort to reverse the above process — sub- *
stitution of land and labor for fuel and' fertilizer. A reduc-
tion in fertlhizer apphication rates will require bringing
greater acreage under cultivation .to make up for the de:
crease 1n yieJds This expanded aoreage will place greater
demands on rand labor that will be used to reduce fuel
consumption. Since much of the labor would be used in
rural areas, there would be a movement of the peopte
from population centers back to the areas of .expandeq,
agricultural ‘gcuvny.

With the increase in petroleum prices, renewed interest
1s emerging In the production of wool, cotton and sitk to
replace synthetic fibets. The shift back to these renewable
resources would mean a change In life style as well as in*
creased pressure on population shifts to ‘meet the demands
associated with increasing the production of these products.

The utilization of low-cost energy to manufacture com-
mercial fertiiZer resulted in_a dechine 1n the use of anjmal
manures as fertilizers As fertilizer costs go up more.animal
manures will be returned to the land. Héwever, going back
to the use of horses and mules instead of tractors 1s neither
logical nor possible in the immediate future. 3t would re-

crop 1s ¢harged to that ¢rop with the other tmé assumed t%\qulre eight years just to produce two million head of hve-

be charged agamst another activity Therefore, the total ma
and animal input energy per acre for the three crops Is
apples 56 x 103 kcalories, barley 394 x 103 kcalories,
and rice 499 x 103 kcalories The caloric squivalents of
engrgy'requured for prqﬁrcnon are 716 x 103 kcalores for
the 450 pounds per acre for rice, 712 x 103 kcalories for
the 405 pounds for barley, and 1,432 x 103 kcalories for_
the 900 pounds used for apple production *
Based upon average yields of 5.059 tons of apples per
acre,*1:114 togs of barley and 2.097 tons of rice, the re-
spective caloric contents are 2.57 x 106, 3,627 x 106+and
6.905 x 106 kealories. Therefore the ratios of caloric con-
sent to energy mput are” 1.79 for apples, 4.69 for barley,
and 9.01 for nice. Comparison 8T these ratios with the Cali-

—~
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stock. The United States had more than 25 million head
prior to 1920 when we began to mechanize agriculture on
a large scale. We would need even more work animals today
to produce food for a much farger population. Morg im-
portantly over 1 mulhon acres of cropland~would be
needed to feed the work animals. That would be approxi-
mately one-third of the cropland that 1s Currently being
used to grow crops As we ook at history, n no area of the
world has agriculture, dependent upon muscle power be 1t
animal or human, been able to provide its farm people
with much more than a subsistence levet of hving.
'Agriculture 1n the western United States Is heavily de-
pendent upon irngation for adequate moisture for crop
production. The pumping of water from deep wells 're-
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quires*large Qﬁun(s of energy High cost of energy for
irrigation would probably force a shift in production activi-
ties to areas of adequate rainfall.

* High cost energy will mean more expensive transporta
tion upon which our current system is so highly dependent
In general, as transportation costs decreased, agricultural
produggion moved farther and farther away from our popu-
lation centers. Incréaslng trangportation costs will favor
expan\ded production nearer population centers and the rail
mode of transportation which 1s less energy intensive than
the truck mode The shift in production would be especially
true of highly perishable products which require refrigera
- tion during transport to maintain quality

The impiications that the production dctivities will be
cqme located closer to population cepfters will probably
result in marginal cropland being brought t;ack into produc-
tion Again lower yields per unit and[the potential for in-
creased soil grosion could result

A demand for high protein diets !
eggs and meat was generated with ou
affluence during the past two decades [iets including these
items are more energy expensive in terfns of food calories
than a basic diet of cereals It requires sdveral times as much
grain to produce animal products as uld be required If
the grain was eaten directly. In additionthe higher quality

)

.
the form of milk,
increasing level of

requirement when all production, processing, marketing
and préparanon phases are considered. Therefore, scarce
and expensive energy could resuit in an impact on the
kind as well as the cost of our diet. o

. v Highly processed convenience foods have been another
result of our low-cost energy and increasing affluence For
example, frozen dinners require large amounts of energy to
make*and continuing energy inputs to store themin ther -
frozen state Plastic film and aluminum, which are desirable
. packaging materials, require large amounts of energy to
manufacture. Consumers will probably decide that the time

est fuei enerdy - ——

saved V\(l(h high priced convenience foods 1s no longer as
importgnt as it once was The degree to which many food
products other than conventeénce 1tems are packaged today
may also be questioned biy the consumer

United States agrlcul'(ure has enjoyed a competitive edge
in world markets,in the production of major grains Farm
exports are vitdl to our efforts to purchase petroleum from
foreign nations Heavy world demand Jor our_farm products
coupled wrth the basic need to meet consumer demand at
home will add pressures to increase food prices Rising
energy and world inflation factors could drive the cost of
food out of teach of our export market. The resulting
effect would be to increase the problems of starvation and
malnutrition Under these conditions, efficient as well as
ef\fecme utilization of energy becosnes a major contern

In the long run, major changes will probably occut in the
United States food and fiber system Shifts ineproduction
practices toward energy conservation, the development of
new technologies to permit utilization of more abundant
forms of energy (generation of glectnitity with coal and
nuclear material, harnessing of solar and wind energy, and
the utilization of agricultural products and by products as
s:ources of energies), and “less demand, for highly processed
and packaged food forms v'vull require different types of
machinery, equipment, butldings, and management skill

- <Winle- engineers—and-ssciontists—will continue 1o make

significant and vital technical contribytions to our food
and fiber system in the era of energy cons(ran’n(s, participa-
“tien In the political and social arena is essential.. As an
example of the challenges in (x‘lanér area, we should work
to obtan a national policy which encourages the use of
fertde land n areas of sufficient water supply for crop
production and the use of less productive land for extensive
rather than intensive agriculture: or .urban and industnial
purposes to improve the overall engrgy efficiency of our
food and fiber system,
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i - ‘ - Introduction -

The participants in this working conference have t:ad ti‘ne
opportunlty to examine the energy dlmenslon of selected
segments of the U S, ¥ood and fiber svstem The energy re-
quired in increasing the form utility of a product has been

. '

reviewed In terms of input fnanufacturgng, farm production,
and processing. These segtors too often are treated as
ihough they exist in a nonspatial economy with,few diffi-
.cultids in transporting goolds fr&m’ one stage to the next.

- . . . ¢
) ° A o
. Energy .in Distripqt_ion — Scope . . \'

Based on the generally accepted major subdivisions of
the food and fiber systems, one would anticipate that this
current sesgion would dwell upon distribution from the pro-
céssing stage to the wholesaler in the city v‘vhere the product
ultimately is consumed. ! \

Such a narrow definjtion deals with from three to four
percent of the energy consumed in the food and fiber sys-
tem. This greatly understateshe realities of the total distrni+

¢ bution requirements. Plaged N a broader comeit, trans-
: portation of goods accounts for about eight percent of total
U. S energy consumption.!

Energy expended 1n moving goods from one location to
-another indeed 15 a criticat compo@t of this nation’s eco-
nomic fabric. Transportation needs are dufused throughout
" the system from the mine to the point of consumption. The -
place dtihty of a good is of equal iImportance reIauvg to the -

"

i

3

{ . “ i h

The te}m “system’’ has been used freqtfently in stu&es .
of food and fiber economics. When applying the systems
concept one 1§ anemptmg to proceed beyond analysis.of

——— 4

'Hnm (Reference NG. 17) &sumated that one}l:unh ofUS. en-
orgy consumptions$ required in thectransportation of goods and
peqple, The freight compodent accounts for approximately one-
third of this «fintragity trlicking 1s included. Itis amazing that two-

Food and Fiber System — Flaws

W

N ]

« form utlity. For ex‘amp|e, pnless transportation of farm
produtts from Californi3 and lowa can be facilitated with
felatwe ease, the economic value of thege goods to the con-
sumer in New York City approaches zero. Densely popu.
Iated manufacturing and service cenfers, often situated far
from specialized agricultural regions, would f)(come n-
feasible. N

With these factors in mind, this discussion on energy use
and conservation in the food and fiber system is based up-
on an expanded definjtion of distribution. Ve

H

- ]
Distribution s any actnvnty which has the goal of over-
coming the fncuon of ‘distance in movmg economic
goods from &nd geographic location to another in
order to facilitate the production-consumption pro-
cesses.

~ o, ' p

P

each individual component and to expénd the level of com-
prehenslon about the /inkages between the cells. Chart |
illustrates the major components ¢f the food and fiber sys-
tem and portrays the major fiows 2 Observe the transport
function (T) associated with each linkage, Transportat:on
enables the System to perform in ] spatial env:roﬂﬁent in
which linked activities do not occur at the same focation,

¢

.

Tthirds of all_transportation energy: issused in the Mo t of .
people. Hovfwh s mvolvod n consumer purthas trips 15 yet to 2Thisthart and much of the remaning discussion are based upon
be determined, If | d on a~per tol | bui? the human trip the contents of The U.S.,Food and Fiber Soctor Energy Use and
13 NQE very efficient, Outlook {Reference No. 13)
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‘A wide variance exists both acrobs and within the dis: . 5. éqst of transport -
: + tributive flows in terms of: ¢ K ' . ., 6. Origin-destination patterns ¢
1. Distance and volume moved (ton- mlles) ‘ ‘

- 7. Flexibility of alternative
Each flow possesses a transport mechanism whose basic
. characteristics ‘are dictated by the varying Iocatxona| pat-

. 2. Transport modal mix’
3. Seasonality {timg) of movement
. . 4, Ease of transport -

f £ + tefns evidenced M each stage.
o - > . . . .
. . ) . L ! v
. \ N .
[ . -, . - X ‘ -
°- ) - - . - -~ . ’ <
o L - " Example Flow="Cotton - o }
, s . . . \ ) -’ . (\
An example which aids in highlighting the importance of idual’

vidual's tevel of awareness about th2 spatial dimension tends

to be himited, & reverse approach s adaptéd in beginning
w;th the most famlhar

transportation 1s the cotton textile praduction stream, The
standard procedure 1s to_start at’ the mine and follow

> “" through to the consumer. Hdv»)ever,f»s.ince thée average indi.. v - ¢ - N Yo
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Map |
. Concentrations of Fina! Demand

Map IV

4

Concentrations of éonbn-Farm Production

Map | portrays the m:-;;o‘ c%ncentranons of final demand,
as measured by state aggregate persqnal income. Assume
that these sfates represent the ma;or'umr,nate destinations
of apparél manufactured from cotton textiles. The retail
"~ . ‘outlets {department stores} dre located refatwely Tlose to————
*  the consumer,3 However, the clothing manufacturers evi-
dence a highly concéntrated locational pattern Iin the New’
, York-New Jersey somplgx as shown 1n Map |1, The relative
transportation requiremefts to service the nationgt market
sare considerable.4 The tektile -mdustry 1s focused 1n the
Piedmont area (Map HI) (A,ost cotton production o?:curs.m
. the Bduthwest (Map V) “The resulting long-distance stip-
ments of cotton bales-to th textile mills translates into
about eight milhop tor miles JMap V shows the location of
farm Machinery manufactyrers. Again, this imvolves g{gm- .

ficant transportation component F‘mally}, Map V1 itluserages
the ‘spatial concentration of the three basic fertilizer inputs.
In the case of mixed fertnlqazers the three comppngnts must ®
be assembled at one fertihizer plant prior to w/emem to
, the'farm vja the farm supplqir. A d
TR SN ‘
Map Il '
Concentratigns of rél Manufacturers
_ ce on; Appa ct /
*

. L .
3The consumer generatgs.the transportation necessary to make
the purchase, This energy-®Bmponent has not been incorporated in-
the distribution estimates ' PR . ’
The locational pa(@n of*the whelbsale sector would be inter-
!ngidme, pecdirning in major métropolitan areas. s T J
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~Obviously, the locatronal patterns and flows in this ex- Hopefully, the complexity and importance of the dis- ’
amplé are simplified greatly in order to highlight the spa- tribution $egm®Rt of the U.S. food and fiber system have .
tiat displacements existing within the system. One example been communicated adequately. Although fragmentary data
- ' of how complex the origin-destination matrix can be even bases and studies’do exist, far 100 little 1s understood about
. fora bas:c flow is found i an ana“ysns of ‘cattle and calf the distribution phase and its energy requlremen‘ts, With
movement “in the South ¥ Marketmgs of nop-slaughter "that in mind, the next section attempts to portray an pver-
calves and veals are ?epucted .as ocgyrrlng not only among view of the tfansportation energy needs associated with .
states within the Southern Region but also as a myriad of " each stage. .y )
external flows to almost every other state in the nation. . ! i . '
. . PR o
* ‘ N M .
-t o Distribution Energy Needs g
. e N
' Best estimates.indicate that transportation energyf use Table | deplcts the modal characteristics’ of agricuitural
/ accounts for about one-fifth of all energy used in the U.S, transportation, from the farm gate to the city of final con- °
food and fiber system.6 This represents only a hittle more sumption.? Observe that farm trucks hauled more tonnage
than two percent of all energy consumed in the U.S. There than any other carriers. However, the meaningful value of
__ are some who would argue that such a small number war- ton-mileage 1s dominated heawly by the commercial truck
rants only minimal‘attention {n energy conservation efforts. {60 percent). Note also that rail and water transport are five .
However, the absolute necesssty of maintaining a wiable times as energy efficient on the average as are trucks; yet
* food distribu system makes this namber far more 1m- combined they carry only one-fourth ‘of the ton-mileage.
portant than itwvould first appear 7 Approximately 90 per- The extensive utilization of trucks has evolved for two rea- .
"~ cent of all transport. fuel nee¥ékin this system™are met by ~  sons® . \
diesel, with the rémainder met by gasoline. Such a com- 1. Trucks are available to service the widely dispersed
plete dependence upon an_energy form of which one-third . agricultural community, much of which 1s acces- )
oniginates from unstable foreign sources further magnifies sible only by road. :
* the Jmportance of makmg food and fiber transportation as 2. Timeliness 1s essential In moving perishable com-
qnergy efficient as 1s practucal 8 . meodities to the consumer or to the processor,
- Table 11 compares transportation data for selected com-
Transportatlon — Fari’Gate to the Clty modities. Observe that poultry and vegetables undergo av- R
» * ' m '
Table |

Agricultural Product Transpormaon Estimated Fuel Needs by Mode of Transportatlon 1970{:: .

[ " :

v Mode of T T ToriMiles |  TonMiles Ton Mileg .
B » Transportation {Mithions)? S Miles {Millions) ’ (Percent) pef Gdllond
_ Rail 118.1 T a9y 58725 | . 233 250
~ All Trucks 559.4 ° 291 162,710 - 64.7 48
» Commercial - | * 2668 4568 151,426 60.2 _ 50
- Farm 2026 °© . 3 11,284 . 45 . " 300
. water = 34.6 : 870 - 30,000 20 220 )
- All Modes A Y2 383 251,625 1000 - 67 -
2 Sougge:. The U.S, {obd and Fiber Sector- Energy Use and Outiook (Reference No. 13) excludes Alaska and Hawanr i
L¥romiUspDA Staff Papey, October 2, 1970, . .
" €Estumated lgrgely from Ed Heutz, Traffic Manager Agricultural Markenng Service. > - . .

. 9From kincoln, G.A., “Enbrgy Conservation,” Science, Vol 180, Apnl 13, 1973,
®Estimated 1n Eeonomnc Research Service, usDA, -

-

, . .
Zéﬂo Maiphrus, et al (Refarence No. 21). erage shipments exceeding .1,000 miles. This reflects the re-
: lcutations based on data frgh  The U.S. Food ond Fiber moteness of specialized farm production regions major
tof;. Use and*Qutiaok {Reference No, 13), Excludes en- I pe f P Ik, 9 from maj N
crq% used 1n mtracity transport and for consumer- purchase trips. population centers. Vegetables, milk, and grains evidence
On a world scale, this anergy use actually axceads the total  the largest total transportation. requirements, -

consumyttion of sdme LDC's.

Sirmiter efforts shodid 'be made in all economic sactors whether 9Raw aghicuttural products to the procassor or dirsctly 3o the '
large or smalit. Only In this manner can successful owra" conserva- consumer, plus processed food to the consumer. The da(a donot in- °

tion measures be achieved. - . clude the movamen\ of cottod textiles, stc. .

. |
.
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‘ Table II ° >
" Agricultural Products Transported by Modé of Transgbrtation, 19702 . .
‘ -~ . AllModes Share of Ton-Mites (Percent)
Commodity .« Tons Ton Miles j . <
Al Trucks? Wat
~ (Millions) Mules ot —iMulong) Rai rucks ater
Livestack 46.1 ,- 520 . 23,950 7.5 925 L o
Poultry and eqgs 146 1200 | 17,520 - 1000 ---
Milk 733 -500¢ 36,650 --- 1000 \ -
. Feed grains 1945 159 30,961 { 285 465 250
Food grains. 102.2 Y 312 *31,932 46.0 ¥ 110 43.0
Soybeang 975 197 19,183 240 31.0 45.0 *
Peanuts 45 683 3,075 80 92.0 -- —)
Tobacco 49 787 3,854 395 605 - --c
Fruits « 192 706 13,552 180 81.0 .10
Vegetabies 378 1152 43,545 26.5 73.5 --- ’
Hay \ 241 115 2,766 40. 93.0 * R
Sugar . 75.3 "228 17,154 46.5 53.5 R
Cotton 18.1 408 7,383 66.0 . 34.0 --;
Total |, 7124 353 251,525 23.0 65 0 12.0

5
3Source The US Food 8Ad Fiber Sector Energy Use and Outlook (Reference No 13) Based on USDA Staff Paper, Projected Agricultural

Transportation Requirements, Oct 2, 1970, and USDA staff paper, Projectéd Agricultural Transportation Requirements—Modal Distribu- ¢
. tion, Oct. 30,1970, and estimates on mileage by mode of travel by Ed Heitz, Traffic Manager Agrlculu,ral Markeung Service, June 8, 1973,

Excludes Alaska and,Hawan

\
~

bincludes farmer-owned trucking and commercial trucking from Table 53

Cincludes mileage-for trucks returning empty.
~N

Farm trucks are uséd mainly to carry small‘grains, hay,
and sugar crops to the elevator or processor. Commercial
“tyucks haul a wide variety of goods, including most of the
perishables. Trains primarily transport nonperlshabte items,
such as grain crops, sugar, and _cotton. In addmon large
volume sh:pments of fruits and’ vegetables move fong dis-
tances by rail. Barge traffic 1s comprised almost exclusively
of grain and soybeans. '

Regional and commodity patterns quite often diderge
from the general trends just described. For example, Casa-
-vant and Whittlesey studied potential impacts of rising ener-
gy prices upon transportation costs and the resulting In-
sfluence upon:the regional location of agricultural produc-
tion.10*By doubl;ng energy costs, the following changes
would¥result n eacl mode:

>

Percent Incteass  Absolute Cost increase -
in Total Costs Per Ton-Mile

Bargé 15% *.068¢.
Rail . 8% .056¢
13% 170¢

Truck

TheVbarge Is most sensitive In terms of the impact on total -

< COStS. However on an)a\gsolute cost per ton- rmIe basis, the
truck 15 three times as_sensitive as 5 rail. These cost in-
. Creasas wefe applved to several commodities and regions, in-
cluding apples in the Northwest. Twenty years ago 80 per-

10C;5avent and Whittlesey (Refarence No. 7). :

Q . ;

W

7
i
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cent of the apples moved from Washington eastward by'rail.
Recently this share has beén transferred to trucking, making
Washington apple grower*qcreasmgty vulnerable to energy
price increases. They are, apt to lose a significant portion of
the eastern market to more favorably located producing
areas. The overall conctusion from this analysis 1s that agri-

" cultural producers in the Pacific Northwest are fikely to suf-
fer most from energy cost increases, given a heavy reliance
on trucking gnd remoteness from major markets.

Transportation — Farm Inputs

Deficiencies in the data base concerning energy use In g
the distribution of farm inputs a’e common. However, par-
tial data can be employed, using ton-mileage as an energy

*  surrogate in assessing the features of input transponanon.’_
Although the farm machinery industry was described earlier -
as concent™ed, the location {see Map V) is close to the .
major farm production regions: Aboat 70 percent of the
market 1s less than 600 miles from the machinety manu-
facturers. Yet over haif of the ton- mlles’ére involved in
shipping the remamlng 30 percent to more dlstant markets.
Rail aocoumed for #itnost half of the ton-mileage (longer
hauls). Y, © .
- The agriculturai fertilizer industry js more dlspersed re-
sumng in‘much shorter average hauls. However the raw ma-
terials for fertilizer are hlghly localized, and the assocnated
T transport requirements undoubtedly offset this. initial ad

vantage.
’ ' .

r
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Ingredients for the manufacture of feed move an average
of 330 miles to the plant, compared toa 60-mile average
movement of the product from plant to the farm gate.
About 56 percent of the ingredients and almost all of the
manufactured feeds move by truck, with most of the re
mainder traveling by rail Avanlable data indicate a constder
abie regional vatiatiun in modal requuements For example,
two-thirds of the feed ingredients In thg,Appalachnan
Southeastern, and Delta states move by rail. ’

' Almost half of the tonnage and two-thirds of the ton-
mileage of pesticides travel by rail. This group of commodi-
tes4s one of the few exampies in the food and fiber sys-
tem where the rail net imore energy efficient) has increased
rather than decreased its share of the transport load.

F;e'tréleum products represent a critical input to the farm
production mechanism. Use 1s highly seasonal and 1s diffi-
cult to determine accurstely on a monthly basis. On-farm
storage facilities usually are limited, often to a two week
supply. Thé wide-flung distribution system necessary in sup-

an additional 80 mullion gallons for transportation (one gaj
lon used to deliver 80 galions).!?

In summary, the distribution needs in the U S food and
fiber systen‘m have been shown to involve the movement of
large tonnages over a wide range of distances, requiring one-
fifth of ail energy used in the system. The least efficient
energy user {truck) accounts for about 60 percent of the

total ton-mileage .

Transportation = Dollar Cost

However, even though energy is important in agriculture,
its contribution to the total dollar cost of a product nor

’ mally 1s about four to eight percent The transport energy

com;’)onem then represents only about one centﬂ? This
number and its variability mean far more to the entrepre

than energy measures expressed In gallons or Btu's. 13
If energy conserving practicés result in increased costs, they
are not likely to be adapted This 1s a critical factor to be
kept In mind when discussing potential conservation prac-

plying the farmer witlr 6.5 billioh gallons of fuel involves tices In the ensuing section .
H >4‘
’ *
-~ ‘Conservation ‘

Even though energy use in food and fiber distribution is
such a smajl part of the total, many possibiliuies for energy
conservation exist How many of the alternatives are econo-
mically feasible 's yet to be determined. - v
Truck Capacities . )

One alternative which represents both energy and eco-
nomic ‘savings 1s the expansion of truck tapacities.’? In
1973, freight with a density of 18 to 20 pounds per cubic
foot could fill a standard 40 fgot sem: without exceeding,

" the maximum legal hmits {73,280 pounds).S - The “break

Q

RIC |

Consset

even’* point for 65-foot, twin trailler combinations is 12 to
13 poundsaverage den;ny. By employing the larger capacity
traller rigs, over 20 percent fuel savihgs can be attained for
a load averaging 12 pounds per cubic foot due to fewer
vehicle trips. Combined with greater weight hmits.(80,000
pounds), the fuel savings for hght‘tpads could exceed 30 per-
cent For the high density frerght, the increased weight.
hmits could result 1n fuel savings of about 10 percent.'®
The cumutative effect would not achieve these percentage
estimates, since many Iads would not be increased. One
recent ppbosal has been to permit doubled 40-foot trailers

11 Does not include fust needed to transport petroleum protucts
from the refinery to-bulk plants and distributors

124 gss than a century ago, the importance of land 'nanspon
costs dominated,product costs. For example, 8 load of fumber could
be cut in Sweden and moved 2,000 mites by water to England ata
reasonable cQat. However, to move that lumber just five miles inland
resulted In aiublmg of totat costs!

13An example of the smatl impact of transport energy costs on
product prices is found'in a study by Anderson and Budt {Reference
No. 2). They calculate that each increase of five cents per galion of
dissel {trucking) adds about one‘tenth of one cent per pound to the
delwvered cost of meat. .

o -

»

. .
with a 125,000 pound maximum Many questions must be
resolved, such as increased costs of road maintenance, be-
fore this would becomg reality.

Backhauls

“

An unfortunate circumstance exists in which many trucks
throughout the food and fiber system are empty on the re-
turn trip Much of this 1s-dictated by traffic imbalances be-
tween two shipping points. A much greater volume may be
moving In one direction, necessitating some carriers making

* the return trip without a load.

»
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" However, other causes are responsible for an additional
number of trucks being "qeadheaded" on the return trip.
In the regutated trucking industry, backhauls often are pro-
hibited.'? In a recent loadometer study, 1t was shown that

private tractor-traler rigs returned empty 62.4 percent of -

the time.’8 The Interstate Commerce Commussion |CC pro-
hibits private carriers from enteringgither contract or com-
mon carrier service on a return trip 1CC regulated carriers

return empty 38 percent of the time. Part of this i1s gen-

erated by the fact that a contract carrier cannot become a
common carrier on the return trip |f private carriers could
reach even the nefficient ratio achleveg by the regulated

14This 1ssue has besn the focus of considerable controversy with
respect to the safety element.

15 Amenican Trucking Associations (Reference No, 1)

V6Many states permit twin traders. These rigs have been forced
to route around the other states, resulting in inefficiencies of fuel
use The 80,000 pound maximum has not been adopted by about
20 states. As a result, many shippers stll 1oad to the 73,280 pound
timit,

17¢or example, private trucks moving meat from Coloradd to
New York cannot carry a return toad.

18Mutter (Reference No. 22). M
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carriers, significant savings would result. Indications are that
fuel consumption rates of about five miles per gallon are
maintained regardless of whetheCthe truck 1s full or empty,
emphasizlhg the energy inefficiencies of those backhauls
. which do not occur solely due to regulatory restriction.
’ With energy {and labor] costs increasing, firms are ex-
ploring backhaul potentials in intracity movement from the
wholesaler to the retailer Few possibilities exist at the farm
level, since approximately four times as much leaves the

, farm as 15 hauled to the farm. N

Wasted Space

Many trucks carry less than full loads, and for light den-
sity routes this often i1s unavoidable However, some inef-
ficiencies do exist. For example, a meat truck loaded to
“legal weight capacity carries two thirds more of the final
product than does a livestock truck.'9 Hung carcasses
shipped from lowa to New YorR represent considerable
wasted- space over’boxed meat.20 ’

. “Rail
. The rail system obviously is more energy efful:lent than
. * trucking. However, this mode 1s not accessible to many
firms and 1s inefficient for short.hauls Although raii*serv-
ice and dependability have improved somewhat, truck serv-
ice has adjusted much more rapidly In reacting to changing
needs. Perhaps reduced regulation of railroads would gen-
erate an improved response to the requirements of the food
and fiber system, with a resultant shift of some commod-
» ties to the more energy éfflcient réliﬂ mode.

]

=y

Market Realignments

Market realignments could reduce the necessity for dis-
persed, small volume sfupments. The anhydrous '»'an\moma
N industry contains many instances in which each plant serves
. several regional markets, on a national scale. More often
than nét firms are competing in the same markets. Smcg
anhydrous'ammonia is a uniform product, 1t 15 possible for
firms to trade supplies. In this way it 1s possible for one
plant to supply all bulk.outlets in ilhinos, regardjess of
company affihiation, ‘while another plant may service all
outlets in Georgia. The duplication of Youtes 1s minimized.
An analysis of the distribution of bulk dairy feed in the
Northeast provides an example of the energy saving poten-

19Assumas a 60 percent staughter yield of beef. Anderson {Ref-
erence No. 2)”
20ynder existing weight imitatrons, httle 1s gained by mowing
boxed meat instead of carcasses After deducting 30-35,000 pounds
for the empty traier and tractor from the gross allowable 73,000
pounds, 38-43,000 pounds remain for the load. The average full
load for hanging beef is 36.500 pounds. Boxed meat s finted by
weight rather than space to about 40,000 pounds. By alfowing a
greater weight maximum, the potential difference would be greater
{assuming packaging problems would be soived). However, even
under existing conditions moge of the product is shipped at a given
- . weight as boxed meat since the byproducts have been removed.
(Source: Conversation with James Lauth, Director of Transporta-
tion and Warehouse Division, AMS, USDA, Washington).

{ : ’
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tials of market realignment on a more local scale.21 Pres-
ently the delivery of bulk feed mvolves a heavy duplication
of routes, with relatively small storage capacities on the
farm (less than two weeks). If storage capacities could be
expanded, thereby increasing the mimmum size of ship-
ment, the frequency of dehwery would be reduced. This
*action alone might result in decreasts of from 7 to 23 per-
cent in fuel btilizatian,for delivery. If exclusive delvery
territories also were adopted, the diesel futl .néeds would
drop by over one-halft22 Twenty-five millian tons of mixed
feed are sold per year, and most 1s bulk de g[ed. This in-
volves over 100 million mifes of route trayei'and 16 ml-
lion gallons of diesel fuel If the frequency of delivery
could be reduced, from 1.1 to 3 7 mitlion gallondpf dietel
would be saved annually. If, in addition, exclusive terri-
tories evolved, 10.5 million gallons total mlght‘ﬁe saveq.
When compared to total digsel use in the United States,
this represents less than one day of consumption. However,
many conservation alternatives are just as insignificant when
considered mquually. VQen measured I the, aggregate,
the same alternqttves assume 3 much stronger position.

r

Other

alt M

The potential for energy conservation exists in many
other elements of food and fiber transportation. Regulated
rate structures often lead to indirect routing§ or perpetuate
nefficient locational patterns. By shifting processing stages
in which weight loss is significant toward the lo¢ation of
the raw material, unnecessary movement of excess weight
1s mimmized. Multimodal transit (miggyback) combines the
advantages each rhode has to offer. Waste disposal often in-
volves a duphcation of roytes. Marketing firms can alter
thewr logistics system for exnstlﬁg mark'et structures in terms
of improved routing and storage. The movement of people
associated with the agricultural sector has received minimal
attention.23 Luttle 1s known about the comparative energy
efficiencies of high density versus low density routes.

In conclusion, many other examples could be cited as
possible areas of energy conservation. However, i1t should be
evident that one overriding theme can be stated as being re-
sponsible for many of the avoidable inefficiencies today—
the artificialities created and perpetuated by regulation.
Change 15 inhibited by. the inflexibilitiés of_ existing poli-
tical and social institutions. Unless regulation can be mini-
mized and that which temains then be made responsive in a
timely fashion to economic realities, the aggregate op-
portunity for energy conservation in transportation is re-
duced. . '

210avulis, et al (Reference No. 9). .

This institutional change would -be difficult to implement
without stifling competition. One machanism which could result in
spatially contiguous markets ¥ould be to require payment_of a
posted feed price plus the true transport costs by the purchager,
based on his distance from the supplier.

23Rupprecht {Reference Nos 28).
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The Big Picture

“The focus throughout this workshop has been on energy
efficiency However, i1t 1s imperative that energy be placed

. In Perspective relative to other inputs. For axample, energy
’ hlstortcallyl has been a substitute for labor. As a propor-
tion .of the total cost-of a product, energy costs are respon-
sible for 6 to 8 percent, and labor charges are almost 50
., perk’ent An 8 pefcent incregse in tage rates impacts the
totdl cost of a product as much as.a doubling of energy

., . ‘ i

’ . -

Proféssionals dedicated to research, teachnng, and exten-

sion as.related to the food and fiber system face a dlffl-,\

- cult, yet challenging task in the area of energy conservation.
At present the policy*maker s forced to make transporta-
tion-related decisions based upon mimimal data. Too little
Is understood about the complexmes of the dlsmbutlon
system. "The rgsearcher can work to alleviate this deficiency
by quantifying energy use and efficiencies in assemblying,
transporting, and distributing agricultural products. There ¥s
agreat need to examine these problems at the regional level,
since each region is unique In its transportation require-
ments. Each probtem must be analyzed from a total econo-

& .

‘\

! {

The following professnohals aided in the evolunonref this
paper. Their area of expertise is indicated"

Aruitoxt provided by Eic:

Research Teachmg, and Extension Needs

. .

- .
prices. The entrepreneur may continue to opﬂor energy if
the substitute he faces is labor,

The short run assignment of the food and fiber sector s
to e]nmmate energy ineffi€iencies which have evolved due to
the hlsxonc low prices-of &nergy. In the longer run, ways
must be found to substitute mare plentiful energy sources
{such as solar) for the increasingly scarce and costly fQssil
fuels. The current practice of ¢crisis fhanagement must be
discarded soO that resources Jmay be devoted now to the de-
velopment of models, logistics systems, and applicable tech-
nology 1n anticipation of futureqneeds.

mic as well as an energy standpoint. The teacher 15 respon— ,

sible for equipping the student wtth an ifcreased level of
awareness about the spatial dimension of economic activity
and fbor providing-the student with the basic tools of back-
ground information concerning energy, quantitative t_ech-
niques, and logic. The éxtension specialist faces an equally
difficult task, since it 15 his duty to stay abreast of new
conservation potentials and nfake the information available
to the agricultural community. Above all, each professional
must work at the art of effectively communicating develop-

ments in epergy use in food and fiber distribution.
A
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D. Adequate Production — Promote public awareness of
Ameri%n agriculture’s role ir;zlpplying adequate high
quality food and of the im
“culture. &nough energy to pr\ uce this .food, while
y at the same time Supporting research and*develop-
ment for new sources and more efficient uses of
energy. °

rtance of assuring agri-

I1. Delivery Systems Develop a natwn-wnde information pro-
L/gram suppprted by individual state programs. .
A. Provide television and radio spots for nationwide dis-

-tfibution and seek sponsored or public affairs time on
networks, including PBS, to disseminate anentlon-
getting factual infprmation. *
B. Public Press ~ Pr£|de information in easily under-
stood form for magazines and other periodicals of
" general, consumer and*homemaker interest.,
C. Wire Service — Establish’ access:ble and rellable source
of information.
D. Extension Information Channels — Each state should
. ufe normal in tion channels.
E. Person-to-Person - Each state should consider use of
energy town hall meetings, homemaker groups, etc.

. e _
_ . } . . i . .
. < * !
- g . REPORT OF EXTENSION GROUP
v
. Frank J. Humenik, Chairman * Lo
’ ’ Ted R. Holmes, Recorder
— . ! \
5 .
. \ . ,
N Ah‘er prefiminary discussion, approximately 15 partici- - B. Producers
' pants in the Extension group agreed that extension.programs *
*  should be directed toward two major audiences. (1) the I. The Message (Must be untque to the audience butstress
general public and (2) agricultural producers. The group . systems approach.)
then undertook to define messages and to propose delwery A.Energy Consciousness — Increase producer awareness
' systems. The recommendatlons agreed upon are outhned regarding current and future energy resources and |
below: requirements. A
. . . B. Cooperative Conservation — Give the producer the
« ‘A. The deneral Public facts and allow him to make decisions as to altérna-
' “tive efterprises, productibn practices, use of equip-'
, "l The Message ' ment, ktc. Point out that 1t may become necessary
A. Energy Consciousness — Stress the reality of the to establish an on-thé-farm conservation progra;n in
problem and the need for the public to become in- order to obtain fuel.,
. volved in decision-making as to priorities. C. Audience Uniqueness — Recognize differing needs of
B. Cooperative Conservation — Conservation by agricul- various segments of agriculture with allowance for »
- ture alone will have some, but not fnuch, effect on such inputs by qualified individuals, but stress the
the total picture. The pubkc must help With conserva- total systems approach in all energy considerations.
. _ton and. thus- the major goal Is total Looperation. D. Total Energy VWiew — Emphasize the adoption of pro-
C. Pol;cy — Provide reliable facts and urge the public to duction practices based on overall energy require-
. apply its influence toward the making of national po!- . ments rather than just limited savings for an individual
’ icy favorable to a continued supply of adequate food. ratiop. Such total energy data and recommehda-

. tions should include support system inputs as well as
on-farm production requirements.

. Goal — Emphasize that the farmer is producmgfood
not energy.

. Delivery Systems [t will be 3 challenge for extension
groups at national and state levels to develop effective
delivery systems for these programs.

. 4
. C. Recommendations

he group voted unanimously to ask the Southern Ex-
tension Directors Association to request Extension Service
USDA to establish a national committee to prepare a public
information program for the national delivery system (as
suggested under “The General Rublic” of this report) and
that this committee (also as outlined under,”Producers’ in
this report) develop a producer information program that
would apply to agncu|ture in general It was further recom-*
mended that individual states develop inputs for these na-
tional etfogts and information,programs geared to the unique

110, - . .
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. 1 aspectsand situation’ of their producers.

o7 . The Extensiongroup unanimoysty agreed to categorically
emphasize the importance of visible administrative support

< " and budgeting for Research, Teaéng, and Extension pro-

grams to seguré’ sufficient energy for at least continuance

.of contemporary. preductivity.  * -
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Finally” the group recommends that the enure SREB
Energy Conference send a resolution to the, National Asso-
-ciation of State Departments of Agriculture meeting in West
Virginia, October 5, 1975, requesting national support for
all programs proposed by the Southern Regional Educa-

tion Board Conference'on Energy in Agriculture. o
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Cl’edlblllty of information sources appeggs to be a critical
factO[ in disseminating |nformat|on on energy. Colleges of
agriculture have- been developed to have credibility with
the public, whith, increases the fawlﬁes responslbilities in

roviding accurafe information on energy subjects. Uni- .

etsity students afe certalnly a key ‘group fo be ptovided
with current and factual information on energy. .
Agriculture should tak® a lead in diseminating energy
information, Too often in the past, when critital situations
arose,‘agneulture let other groups take ‘thé lead and we
, were then placed in a defensive position. One of the prol
! lems' now confrontlng usis the lack of adequate ihformation. -
‘l’was felt that too much of ‘the mformatlon comjng out
at this ume s not founded on facts, If we are ‘to Yeach
energy adequately in our courses and retain our credrbihty
as an information source, we must present, accurate Jofor-

mation. Additional.research should be encouraged to gen- .-

erate accurate. information on energy used in agriculture ;
which can beeused in our teaching programs, Professiogal
societies should take an active role i ip collecting information*
on energy and pfbmoting the dissemination of thig’ |nforma-
tion,

~There was no odne recommended course s(ructulﬂwh;cjx

could universally be uséd” in p?esentnng informatibn or‘;~ .

energy The organization n of thé academic structure within
the unmrsrty, course philosophy and personpel would be-
important factorsin determlnihghow?the matigiyl was to be
mcorporated into the educational program. The following

* aré recommendations which evolved from the disl:ussior%by

the teaching group: . &
1. Special energy courses, the incorporation of energy
stopics into exlstingﬁ:ourses,q seminars, campus-wide

d

’

s

°

A .
Ypourses.and combinations of these were all considered
, '"as viablg approaches. The most appropriate would de-

case, new courses on energy would likely evolve

some of the less-structured approaches, espetially as

mére accurate infotmation becomes- available on
. erfergya uses 1n agriculture.

.2, 1In apgropriate e)_(isting courses the ¢ourse pIrilosophy
should include concerns for energy. Exampleswof a few
spegific points in this regard are fisted below. These
ponts reflect a close relationship to specific disciplines.
a. Develogian understanding about energy. require-

* ments ahd the 96nsumer demands and thelr inter-
i refationships
b. Introduce energy as a major desrgn parameter
. ¢. Continue' to teach rmprovement of production

s *  pend on the local situation and as 1S frequentl&%t;e\
f

efflcrency, with higher energy cost requuruﬂi a?

change in one of the productnoh lnput ite

B A better apprecuatron of th9 role of energy in agricul-

» of agriculture should be/developed. This might be ac-

“ture among all facultyb;y administrators of colleges '

complished by sémipars or Gther traini.ng sessions.

~~ -

_ A concern was raised regarding tht davelopment of an
])ver-emphasis on energy education, Th‘rs would suggest that

we might try to make an energy expert of everyone which .

would detract from training in our major disciplines. Energy

educatiop- should be kept iniperspective - remembering

that it i a cost factor in producing, processing and market-

ing food arfd fiber. v
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The 34 partncu{ants in this group limited their discussion o 10. ;producggynthesls .
% consideration of two aspects: (1) How to accomphsh Short RunoAd]ustments e *
. the needed research or delyvery, and L2)§ewachable topics s {energy) fuel substitution “
for Agriculture, Aquacuiture and try. = A % livestock efficiency. " )
The following recommendations re-submutted to the ‘ - Fertilizer Efficiency (manufacture and use)
) general session and adopted for \dance n the reglon . pesticide scheduling .
1. Compile and p‘bl;sh a cg relensive bibliography. .o €nergy independence
water utilization and scheduling
. | .
2 f::;:::saze l;uewsubsts:touft:on eg. utlhze sc:tllar enfergy ‘G Iowlbergy produttion systems
ewabe sources of energ as methane rom ¢ Policy Concepts of Farm Production
- biomass for ho d farms{ead operations 1
3 new produtts
to conserve’ hqund fuels for prime movers fro eld - »
- "y machinery, R
and rbad locometions and opdrations. . -
. . use of norzagricultural waste

Employ systems engmeenng methodology to study
inte(- afd. intra- systems relatlonshnps {not ready to
1ze production systems yvnth least energy require-
ts as a constraint). ML v -8,

. Fused enérgy mphcataons with catrent on.going

P

, fuel efficiency
;hermodynamnc analysis -
« .  palkohol Lengige |
B. Processmg
5 . - ¥ waste utihzation

/T‘-.

« Tesearch and mitiate some high pnonty targeted energy =~ . -solar energy v ’
research. =~ X @ "4 ? 3 .fuel subst:tuti@ng .
5. .Recogmze that anergy cost fof food and fiber produc- 4. istitutional grades and standards
. tion 1s still a small part of the consumer’s budget, ye P , -, B. cooking,
. * we can increase its efficiency. . - 6. drying
. ' ‘7. location .
. 6; Research 1s needed to assure thenavailability qf energy 8. storage v ) -
-~ 8, . . .
n ntial n.agricul . s s
. . as an essential part qf a moq}er agricultural system. * G5 Distribution ,
. 7. Researchable topics “ . . 1. Tnstitutional (regulaﬂon) .ot
. &
N A, Production ° s ox v 2. cost analysis
‘ . )
LF 1. conservation ., NP ¢ v o . 3 netwbr theory
2. utilization. > ¢ - . s 4. marketmg —‘grades and standards
] . -
+ 3. new sources . ¢ - -+« 5. modeof trans&mathn substitution
: 4. biomass conversion . Y v s 6.’ mult:lmoda[transport systems °
. - 5. solar energy p oL S 7. preservation
.« e = 4 . N . .
. 6. wind % 8. storage terrmng ’
7. storage : . e D‘Cbnsumer . oa T
) 8.- genetic manipulation (mtrogen fnxatmn) i a1 -accepiance G he )
8. crop efficiency u- ¢ . /—*‘2.-, demand analys;; ', ¢ e
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